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TWO NEW COCCIDIA, WEN YONELLA UELENSIS N.SP. 
AND WENYONELLA PARVA N.SP., FROM TWO CONGO- 
LESE RODENTS 


By LOUIS van pen BERGHE, M.D., Sc.D. 
Institut de Médecine Tropicale Prince Léopold, Antwerp, Belgium 


(With 4 Figures in the Text) 


DuRING a recent expedition to the Belgian Congo (May 1936), I found in the 
intestinal content of two rodents, Funisciurus anerythus and Tamiscus emint, 
two coccidia of which the occysts were tetrazoic and tetrasporocystid. They 
therefore belonged to the genus Wenyonella, created in 1933 by Hoare, of which 
the type species W. africana was found in the intestine of a snake, Boaedon 
lineatus, from Uganda. Since this description, Ray & Das Gupta (1937) have 
found a new species, Wenyonella hoarei, in an Indian (Bengal) squirrel, Sciurus 
sp. The two new species from the Belgian Congo can be distinguished clearly 
from the two preceding species by their extracellular forms. I was unable to 
find the intracellular stages, the intestines not having been fixed and preserved 
until the existence of these extremely small coccidia, of which the segmentation 
into sporocysts only occurred after 3 or 4 days, was known with certainty. 


I. DESCRIPTION OF THE PARASITES 
(1) Wenyonella uelensis n.sp. 


The oocysts are ovoid, the long axis measuring 26-30, and the small 
19-20. They are found unsegmented in the large intestine. In 1% solution 
of chromic acid, segmentation does not occur before 72 hr. The sporoblasts are 
ovoid and their average size is 11-4 x 7-6. There is a round, voluminous, but 
transient, residual body, which disappears almost completely by the fifth day 
at the time of the formation of the sporocysts. These contain four banana-like 
sporozoites and an insignificant residual body. The wall of the oocyst is thick 
and seems to be very resistant to mechanical forces. It does not appear to 
have a micropyle. 

Diagnosis: Systematic position—Wenyonella uelensis n.sp. (Coccidiida 
Eimeriidea). 

Description: Ovoid oocysts 30 x 20u to 26x 19. Sporocysts 11-4 x 7-6 yu. 
The oocysts do not segment in the contents of the large intestine. 

Host: Funisciurus anerythrus (Rodent). 

Habitat: Probably the intestine. It has not been possible to study the 
intracellular stages. 

Locality: Buta, Uele, Belgian Congo. 


Parasitology xxx 
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(2) Wenyonella parva n.sp. 


The oocysts are subspherical with an average size of 15-2 x 13-3. They are 
unsegmented when passed out of the host. The sporoblasts are not seen distinctly 
until towards the fourth day. They are ovoid and their average size is 7-6 x 5-0. 





Wenyonella parva n.sp. 

Fig. 1. Oocyst with four sporoblasts. 

Fig. 2. Oocyst with four sporacysts, each containing four sporozoites. 
Wenyonella uelensis n.sp. 


Fig. 3. Oocysts with four sporoblasts and residual body (fourth day). 
Fig. 4. Oocysts with four ripe sporocysts each containing four sporozoites. 


A residual body does not appear to be present in the sporoblasts. The sporocysts 
are not formed and do not contain sporozoites until towards the seventh day. 
At this time there are four sporozoites in each sporocyst, but the extreme small- 
ness of this coccidian did not allow me to determine their shape with certainty. 
In Fig. 2, therefore, the contour of the sporozoites is schematic. The wall of the 
oocyst is thick, two layered, and does not show a micropyle. 
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Diagnosis: Systematic position—Wenyonella parva n.sp. (Coccidiida 
Eimeriidea). 

Descriptton: Subspherical oocysts 15-2 x 13-3. Sporocysts 7-6x5y. In 
the large intestine the oocysts are unsegmented. 

Host: Tamiscus emini (rodent). 

Habitat: Probably the intestine. It has not been possible to study the 
intracellular forms. 

Locality: Buta, Uele, Belgian Congo. 


LOUIS VAN DEN BERGHE 


II. SuMMARY 


Two new species of coccidia belonging to the genus Wenyonella are 
diagnosed here by the characters of their oocysts. Wenyonella uelensis and 
W. parva are geographically related (Uele, Belgian Congo) to the type species, 
W. africana Hoare (Uganda). By their hosts, two rodents of which one is a 
terrestrial squirrel, one can relate them to the second species, W. hoarei found 
in an Indian squirrel by Ray & Das Gupta. W. welensis is sharply differentiated 
from the two previously known species, W. africana and W. hoarei, by its oval 
form, whilst W. parva is noticeably smaller. 
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STUDIES ON THE PHYSIOLOGY OF THE NEMATODES 
OF THE ALIMENTARY CANAL OF SHEEP 


By D. G. DAVEY 
Institute of Animal Pathology, Cambridge University 


(With 1 Figure in the Text) 


Many of the problems concerning the physiology of nematodes parasitic in the 
alimentary tract of animals are so closely related that the answer to one will 
help to elucidate others. Thus the factors which control the development of 
nematodes in their host will influence their specificity for that host, and their 
localization in different regions of it. Host specificity, or resistance to initial 
infestation, is primarily an expression of the effect on parasites of the passive 
environmental conditions provided by the host, and so, too, is their localization 
in different regions. The interrelation of one with the other is the reason why 
so many problems are touched upon in these studies which have as their prime 
motive—the culture of the nematodes. 


MATERIAL AND METHODS 


A list of the nematodes parasitic in the alimentary canal of sheep will be 
found in most books concerned with veterinary helminthology. Potentially, 
this animal is a source of abundant material for a comparative study of 
nematodes, but unfortunately, for reasons connected either with their incidence 
or with the difficulty of their collection, all the species do not lend themselves 
to continuous, extended work. In the present study, the following species were 
used most frequently : Ostertagia circumcincta (Stadelmann, 1894) (the material 
grouped as O. circumeincta is possibly contaminated with O. trifurcata to a 
slight extent), Trichostrongylus vitrinus (Looss, 1905), T. colubriformis (Giles, 
1892), Cooperia curticer (Railliet, 1893), Nematodirus filicollis (Rudolphi, 1802), 
and N. spathiger (Railliet, 1896). Other species were used in the experiments 
as occasion permitted. 

For the collection of the material, the entire abomasum was brought to 
the laboratory, together with the contents of the small intestine, which were 
carried in thermos flasks. Rarely more than half to three-quarters of an hour 
elapsed between the slaughtering of the sheep and the commencement of the 
examination of its alimentary canal contents for worms. The method of picking 
out the nematodes over a light in the laboratory has already been described 
(Davey, 1936a). 
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Part I. THE EFFECT ON THE NEMATODES OF CERTAIN SIGNIFICANT 
FEATURES IN THEIR ENVIRONMENT 


The effect of cellulose digestion 


With the exception of Trichostrongylus extenuatus, which is believed to be 
the same as 7’. axei of horses and man, and 7’. colubriformis and T. vitrinus, 
which have both been recorded in man, the species of nematodes commonly 
found in the alimentary canal of sheep in this country have not been reported 
from non-ruminant animals. The factors which determine the restriction of 
most of the species to ruminants are unknown, and although the feeding 
habits of any host must play an important part in determining the host range 
of parasites living in the alimentary canal, it is unlikely that the whole 
explanation is to be found in the feeding habits of ruminants. A pig, for 
example, browsing on sheep land can become infested with Fasciola hepatica, 
but there is no record of pigs harbouring sheep nematodes. 

Many features in the physiology of the sheep might be involved in deter- 
mining this restriction, but it was necessary first to enquire whether it could 
be associated with the one outstanding feature of the ruminant alimentary 
canal, namely, the fact that cellulose digestion occurs in the chambers preceding 
the abomasum, although it must be admitted that it was difficult to imagine 
how its products could affect parasites living in the abomasum or lower down 
in the intestine. However, experiments were done with the object of studying 
the effect of removal of this factor from the environment of the worms. 

Two lambs were separated from their mothers shortly after birth, and 
reared on cow’s milk. Contact with cellulose was prevented in one case by the 
complete absence of bedding from the concrete floor of the animal house, and 
in the other by keeping the lamb muzzled between feeding times. Both lambs 
were dosed at intervals with infective larvae of sheep nematodes, and they were 
successfully infested with Ostertagia circumcincta, Haemonchus contortus 
(Rudolphi, 1803), Nematodirus sp., and Cooperia curticei. Cellulose digestion, 
therefore, has apparently no influence on these nematodes. 


The medium used for the study of the nematodes in vitro: some 
preliminary considerations 


It was convenient to choose a type species for the experiments during 
which a medium of suitable salt content and concentration was being developed. 
Ostertagia circumcincta was so chosen because, on the whole, it is the most 
prevalent species in this country, and the one most easily collected. It is true 
that it inhabits the abomasum, but it is likely that the general physical 
characters of this chamber, if we except their acidity, do not differ much from 
those of the rest of the alimentary canal, and it was known that variations in 
acidity and alkalinity, within reasonable limits, did not apparently affect the 
behaviour of Ostertagia in a non-nutritional medium. It is believed that the 
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results of work of such a general nature are applicable, with qualifications of 
minor importance, to the other species. 

It was found that Ostertagia lived 4-12 days in either Ringer or in Ringer- 
Locke solution, indicating its adaptation to a comparatively wide range in 
the concentration of the medium. Until a better solution was found the 
Ringer-Locke was used as a control medium, but before the experiments 
designed for its improvement are described it is necessary that certain points 
should be noted: 

(1) Unless it is otherwise stated, all the solutions were incubated at 38- 
39-5°, the body temperature of the sheep. (All temperatures will be given in 
degrees Centigrade.) 

(2) The worms were considered dead when all movement had ceased. 
Touching with a blunt needle was the method usually adopted for trying to 
elicit some movement. 

(3) The length of life of different individuals varies greatly in non-nutritive 
media in the laboratory, a variability which makes it difficult to judge the 
beneficial or other effect of the different solutions. The only satisfactory way 
of overcoming the difficulty was to try a large number of worms in each 
solution, and usually not less than forty, in at least three separate lots, were 
used. Comparison of the death-rate with that of the controls then made it 
possible to arrive at a satisfactory conclusion. It must be emphasized that it 
was death-rates that were compared, rather than any one selected value. 
A death-rate automatically includes minimum and maximum survival periods, 
but what importance should be given to the minimum period was problematical, 
since it might have been reduced in many ways. However, an arbitrary stan- 
dard was chosen, and experiments were disregarded in which, in the controls, 
more than one worm in every ten died before the lapse of the customary 4 days. 

(4) The solutions were freely exposed to the atmosphere; anaerobiosis kills 
the nematodes from the sheep (Davey, 1938). 

(5) All solutions were made from “ Analar salts” and distilled water. 


The salt content of the medium. 


(a) The need for an antagonized solution was immediately apparent. In 
0-9 % sodium chloride alone Ostertagia never lived more than 24 hr. The addi- 
tion of 0-024 % calcium chloride delayed the onset of death somewhat, although 
the maximum survival period then observed did not exceed 3 days. On the 
other hand, even when the only calcium present in the medium was derived 
from impurities—an amount not exceeding 0-0005 °%—the addition of 0-042 % 
potassium chloride made the solution apparently as good as the full Ringer- 
Locke solution. Such an antagonism of sodium chloride, seemingly independent 
of calcium, has also been observed in experiments with the fish, Fundulus 
(Bayliss, 1924, p. 213). However, it would seem improbable that the worms 
could live their normal life-span without calcium, and it was therefore retained 
in the experimental media. 
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(b) It was found that the potassium chloride content of the Ringer solution 
(NaCl 0-9 %, CaCl, 0-024 %, KCl varying) could fall very low without apparent 
ill-effect on Ostertagia; 0-0035 % appeared to be on the border-line of safety, 
but 0-0042°% was definitely sufficient to antagonize the sodium chloride. 
Ringer solutions containing concentrations between 0-0042 and 0-168 % (which 
is not quoted as the maximum quantity withstood by Ostertagia) had no visibly 
different effects on the worms from that of a solution containing 0-042 %. The 
solution with 0-168 ° potassium chloride contained NaCl 0-8 %, CaCl, 0-024 %. 

(c) Ostertagia lived no longer in the medium when the following substances 
were added to the Ringer solution: 

(i) Small amounts (0-01 % anhydrous salts) of disodium hydrogen phosphate 
and potassium dihydrogen phosphate. 

(ii) Sodium bicarbonate, within the limits of the alkalinity of the solution 
discussed later. 

(iii) Magnesium chloride (0-01 % of the anhydrous salt). 

The basic solution, then, used in subsequent experiments was composed of 
sodium chloride (0-9°%), potassium chloride (0-042 %), and calcium chloride 
(0-024%). For brevity, it will be referred to as “simple Ringer solution”. 
Often it was used without modification; at other times small amounts of 
buffer substances, such as phosphates and bicarbonates, were added. When no 
buffer substances were present to neutralize the acid by-products of the worms 
(or of the bacteria present in the worms) the pH of the solution might drop as 
low as 4-5, even when it was frequently changed; but it was known that such 
a comparatively low pH was not harmful to any of the nematodes with the 
possible exception of Strongyloides papillosus. 


The concentration of the medium. 


Varying dilutions were made of a simple Ringer solution of double strength 
and, proceeding at intervals of 0-1°% NaCl, the length of life of Ostertagia 
in the different solutions was determined. Since each solution was made by 
dilution of the standard solution, the sodium chloride was always suitably 
antagonized. It was found that the worms could accommodate themselves to 
a remarkably wide range in the concentration of the surrounding medium, the 
limits being given by 0-4°%% sodium chloride and 1-3 % sodium chloride. This 
range is far greater than the variation in the concentration of the abomasum 
(Davey, 19365). 

When the concentration is otherwise suitably adjusted, it does not follow 
that the proportion of sodium chloride (antagonized) must necessarily be as 
high as 0-4%. Indeed, it was conceivable that a more satisfactory medium 
might be found by substituting part of the salt content with a compound such 
as glucose, and, in any case, it would be valuable to know the salt concentra- 
tion that need be present. The concentration of the glucose-Ringer mixture 
used in determining this was based on the average figure for A of 0-59° 
obtained from cryoscopic measurements of the abomasal contents (Davey, 








282 Physiology of Nematodes 


19366). A 5-77% solution of anhydrous glucose was mixed in varying pro- 
portions with simple Ringer solution (A for both solutions is approximately 
0-6), and the length of life of Ostertagia in the mixtures determined. Bacterial 
growth occasionally took place even though the amount of nitrogen in the 
medium must have been extremely small, and because the worms are harmed by 
any pronounced sepsis the solutions had to be changed, preferably every 24 hr. 

No evidence was obtained that substitution of part of the salt content by 
glucose was in any way advantageous to Ostertagia. The worms were unharmed 
when the salt content fell as low as 0-15 °% sodium chloride’ (0-13 % appeared 
to be on the border-line of safety), and no difference in the effect of the solution 
could be observed as the salt content increased to 0-9°%. It may be said, 
therefore, that any solution used for the study of Ostertagia, and probably, 
with minor qualifications, for the other species also, must contain at least 
0-15°% sodium chloride, and must have a concentration greater than the 
equivalent of 0-4 °% sodium chloride, and less than the equivalent of 1-3 %. 

If it is permissible to draw an analogy with Schopfer’s (1932) results it 
follows that, because the concentration of the abomasal contents is given by. 
A=0-55-0-63 (Davey, 19366), and that of the intestinal contents by A=0-62 
(Collip, 1920), then A for the perienteric fluid of the nematodes in the ali- 
mentary canal of sheep is in the region of 0-6, that is to say the fluid would be 
isotonic with Ringer solution containing 0-9 °% sodium chloride. 


The distribution of nematodes in the alimentary canal of sheep 


The factors which determine the distribution of nematodes within their 
hosts, resulting in their localization to definite regions of the host’s body, 
probably operate from the commencement of the parasitic life of the worms, 
and are primarily dependent on the effect of the stimuli of the environment on 
the larvae. The proximity of one species to another would not seem to contribute 
to these stimuli, for the various species in the alimentary canal of sheep can 
be present quite independently of the others, and I have seen infestations made 
up of all possible combinations (see also Tetley, 19356). Further, any of the 
species will live just as long alone in Ringer solution as it will in company with 
other species. Though the stimuli probably act on the parasitic larvae, it was 
thought that a clue to the understanding of the problem might be given by a 
study of the effect on the adult nematodes of features in their environment. 
The influence of two of these features, namely, pH and bile salts, is considered 
below. 


(1) The effect of variations in pH. 
(a) On Ostertagia circumcincta. The abomasum is the digestive stomach of 


the sheep and the contents are acid in reaction: Mangold (1929) quotes an 
average value for their pH of 3-8. Using a quinhydrone electrode, I made 


1 The concentrations are conveniently referred to in terms of sodium chloride, but the sodium 
chloride is, however, antagonized in the usual way. 
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measurements on the abomasal contents of fifteen yearling lambs which had 
been killed at a local abattoir. The pH was found to vary between 3-15 and 
5-25, the average being 4-01. 

It will be seen that the abomasal contents are sometimes markedly acidic, 
and because Ostertagia circumcincta, when it is present in the sheep, is in- 
variably found in the abomasum, it was possible that the study of the effect on 
this nematode of varying degrees of acidity would indicate its preference for an 
acid environment. 


The solutions of different pH values used for the determination of the length of life of 
Ostertagia at different pH levels were made by adding small amounts of hydrochloric acid 
to the simple Ringer solution. By changing the solutions each day, and by removing dead 
worms, it was usually possible to keep constant within 0-1 the pH of those solutions with 
an initial pH of 4-5 or less. 

The effect of pH values between 4-5 and 7-5 may be studied indirectly as follows. It has 
already been remarked that when the worms are kept in an unbuffered solution either the 
by-products of the worms themselves, or of the bacteria in their intestines, cause the solutions 
to become acid. In the course of many experiments it was found that, as a result, the pH of 
the solution might vary between 4-6 and 6-5, but the length of life of worms kept in it did 
not differ significantly from the length of life of controls kept in a solution buffered to approxi- 
mately pH 7-3. The latter solution can be made by adding equal proportions—0-01 %—of 
potassium dihydrogen phosphate and disodium hydrogen phosphate to the simple Ringer 
solution. 

The pH values of the solutions were determined colorimetrically by comparison with 
standards prepared from the tables of Clark and Lubs (Clark, 1925, pp. 106-107). To exclude 
the “salt error” of the indicators the readings obtained from the colour standards were 
calibrated by measurements with the quinhydrone electrode. The results of the effect of pH 
on Ostertagia and on the intestinal worms (described below) are given in terms of quinhydrone 
electrode measurements. 


The lowest pH without deleterious effect on Ostertagia was found to be 3-2 
and, contrary to expectation, this species showed no preference for the region 
3-2-5-5, which is the region comparable with the abomasum for acidity. The 
effect of acidity on “starving worms” did not, therefore, show that Ostertagia 
prefers an acid environment, but merely that it is adapted to one. The insertion 
of the description “starving” is important because it does not necessarily 
follow that the region 3-2-5-5 is without significance to a feeding worm. 
However, the obvious adaptation of Ostertagia to an acid environment made it 
interesting to enquire whether its adaptation to an alkaline environment was, 
in contrast, very limited. 


The alkaline solutions below pH 8-5 were made by adding small proportions of sodium 
bicarbonate (0-01-0-05%) to the simple Ringer solution, and those above 8-5 by adding 
varying proportions of sodium carbonate (0-01-0-:06%) and sodium bicarbonate (0-03- 
0-66%) to a solution containing NaCl 0-:9%, KCl 0-042%. The solutions were allowed to 
attain equilibrium with the carbon dioxide of the atmosphere and their pH measured. 


The production of acid in the solutions, when worms were kept in them, 
caused the pH of the NaHCO,-Na,CO, mixtures to fall as much as 0-5, even 
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when they were changed each day, but it was possible to keep the pH of the 
solutions containing bicarbonate alone constant within 0-1. The amount of 
alkali resisted by Ostertagia was, however, so much higher than that present in 
the alkaline regions of the intestine that the exact determination of the greatest 
amount resisted by it was not of immediate importance. At pH 9 it lives 
unharmed; it is probable that the highest pH without deleterious effect on 
this species is around 9-5, 

While these experiments with Ostertagia circwmcincta failed to show that 
within the limits of pH 3-2 and 9-0 its length of life in an acid environment was 
any greater than its length of life in an alkaline one, yet the results have 
another interest. The lower limit of 3-2 allows this species to live in the 
abomasum of the sheep, the goat and the deer, but it is not nearly low enough 
to enable it to live in the stomach of carnivorous animals such as the dog, where 
the pH may be less than 2, or in the stomach of the horse (pH 1-13-6:8; 
Dukes, 1935, p. 240) or in the abomasum of cattle (pH 2-4-1; Dukes, 1935, 
p. 272). In other words, if an acid environment is essential to the develop- 
ment and continued well-being of O. circumeincta, then it cannot parasitize 
carnivores generally, horses or cattle. 

(b) On the intestinal species. The study of the effect on Ostertagia of varia- 
tions in the pH of the medium had not revealed any cause for its absence 
from the intestine of the sheep; the next step was to consider whether the effect 
of differences of pH on the intestinal worms, normally living in a more or less 
neutral medium, would explain why they are not found in the abomasum. 

Solutions of different pH values were prepared by methods similar to those 
used in the experiments on Ostertagia, and the length of life of the different 
species in these solutions was determined. The ranges of acidity and alkalinity 
over which they live apparently unharmed are tabulated in Table I. The limits 
of pH are given to the nearest 0-1 known to be without ill-effect on them. The 
range of Ostertagia is placed at the head of the list for contrast. 


Table I. pH ranges of nematodes from the alimentary canal of sheep 


Ostertagia circumcincta 3-2->9-0 
Trichostrongylus colubriformis 3-6->9-0 
T. vitrinus 3-6->9-0 
Nematodirus filicollis 3-9- 8-5 
Cooperia oncophora 4-0->8-5 
Nematodirus spathiger 4:2- 90 
Cooperia curticei 4:4->9-0 
Strongyloides papillosus ca. 4-6 


The limits that are given in the table are the limits of acidity or alkalinity 
which the worms are capable of withstanding when constantly subjected to 
them, but the pH of the abomasal contents is not constantly low, and although 
the difference between the degree of acidity tolerated by Ostertagia and that 
tolerated by the intestinal worms can be taken as definitely showing’a differ- 
ence in their degree of adaptation to an acid environment, before it can be 
regarded as forming a sufficient reason for the absence of the intestinal worms 
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from the abomasum it is necessary to note the effect on these of solutions of 
low pH value. Such an effect, in the form of the minimum and maximum 
lengths of life of the intestinal species that were observed in solutions of low 
pH value is given in Table II. 


Table II. Effect of low pH on the intestinal worms from sheep 


Minimum and maximum length of life in days at the given pH 
A a 








ct 





The results given in Table II make it apparent that a medium of low pH 
is quickly lethal to many of the individuals of the last five species listed (3-7), 
and it is highly improbable that these five species could live their normal 
length of life in a medium such as the abomasum, the pH of which fluctuates 
between low values (3-2-3-8), and higher ones (4-5-5). 

Trichostrongylus colubriformis and T. vitrinus differ from the other intestinal 
species used in the experiments in tolerating lower pH values. Perhaps the 
fact that they usually inhabit the duodenum—mostly within five feet of the 
pylorus—makes this resistance to low pH values a very necessary feature of 
their physiology. When the pylorus opens they may be bathed in the acid 
abomasal contents, and occasionally they may be taken actually into the 
abomasum through regurgitation of the duodenal contents. I have sometimes 
seen both species in this compartment. They are, however, adversely affected 
by pH values below 3-6, and it is problematical how long they could live there. 
For the present we must be content with stating that neither 7. colubriformis 
nor 7’. vitrinus is as well adapted to an acid environment as Ostertagia circum- 
cincta, 

The exact limits of alkalinity withstood by most of the intestinal species 
was not determined exactly because they appeared to be too high to be of 
immediate significance. It is surprising that the alkaline limits for Nematodirus 
filicollis and N. spathiger, both below 9, should be lower than that for 
Ostertagia circumeincta. 


(2) The effect of bile salts on the nematodes. 


The known toxicity of the bile salts, and the variable distribution of the 
two forms of them amongst animals generally, suggested that a study of their 
effects on the nematodes of the alimentary canal of sheep might be interesting. 
I can find no reference to similar work on other nematodes, but the reader is 
referred to de Waele’s (1934) instructive study of their effect on the cysticerci 
of the cestode Taenia pisiformis. 


3-2 3:3 3-4 3-5 3-6 3-7 3-8 

Ren, pomemnPumnnsin, gamed oS on Oooo ssn 

Species Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 
Trichostrongylus colubriformis 2 5 2 6 3 6 3 6 ‘ ‘ , , ; 
T. vitrinus ‘ ; 2 6 2 7 2 8 . : ‘ . . 
Nematodirus filicollis ; , l 4 1 5 1 7 2 7 2 7 ; , 
Cooperia onchophora 1 5 1 5 l 5 2 7 2 7 2 7 2 7 
Nematodirus spathiger ‘ i , : ; ; ‘ ‘ 1 4 1 5 1 6 
Cooperia curticei . . 2 5 2 5 2 6 2 6 2 6 2 7 
. Strongyloides papillosus 1 ‘ 1 3 1 3 1 3 
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According to Horral (1931, p. 123), it is not right to regard a comparison of the relative 
toxicity of the bile salts as absolute. Sodium taurocholate has apparently never been pre- 
pared in a pure state, while sodium glycocholate has; commercial products of sodium 
taurocholate are from 40 to 80% pure. 

The preparations of the salts were the purest obtainable from Messrs Boots of Notting- 
ham. Before they were weighed out they were dried in vacuo over concentrated sulphuric 
acid. Sodium tauroglycocholate (B.D.H.) was also used in some experiments. It had 
presumably been extracted from a bile containing sodium taurocholate as the main bile salt 
constituent because its effect on the worms was not noticeably different from that of sodium 
taurocholate. No reference is therefore made to it in the results which are given in Table III. 

The effects of the bile salts on the different species was determined by comparing the time 
the worms lived in various concentrations of the two salts in Ringer with the time they lived 
in Ringer solution alone. The solutions were usually made by dissolving the salts in simple 
Ringer solution (NaCl, 0°85°%), in which had been included small amounts (0-0075%) of 
sodium bicarbonate; their pH varied around 7-5 when worms were kept in them. A few 
experiments were also made with unbuffered solutions, the pH of which became slightly 
acid (5-5-6-5). As far as could be judged, the effects of the two types of solutions in similar 
concentrations were the same provided that both had been freshly prepared. Because of 
their instability the solutions were made up freshly every two or three days, and solutions 
containing the worms were changed every day. 


The results of the experiments are shown in Table III which gives those 
concentrations of bile salts which are lethal to the various species, and those 
which are without deleterious effect. 


Table III. Effect of bile salts on nematodes from sheep 


Concentration of salts 


A 





0-125 % T. 0-075% T. 0-05% T. 0-02% T. 

Species 0-125 % G. 01% G. 01% T. 0-075%G. 005% G. 002% G. 
Trichostrongylus colubriformis - + 
T. vitrinus + 


Cooperia curticet + 


Ostertagia circumcincta 
Nematodirus filicollis 
Nematodirus spathiger = 


(2) G4 


1i++ 
ihrer 
++t+4+4+4 


ee oe 4 


T.=sodium taurocholate; G.=sodium glycocholate. - indicates lethal effect; 
+ indicates no lethal effect. 

It will be seen that there is a definite contrast between the highest concen- 
trations of the bile salts withstood by the two species of Trichostrongylus, and 
those withstood by any of the other species. The contrast is really more marked 
than the table would indicate; thus, if the highest concentrations of the two 
salts not harmful to Trichostrongylus were determined exactly they would be 
found, respectively, to be nearer 0-125 than 0-1° sodium taurocholate, and 
nearer 0-1 than 0-075°% sodium glycocholate. On the other hand, the con- 
centrations of 0-05 °% glycocholate and taurocholate appear to be just within 
the limit of safety for Cooperia curticei, the species which withstands the next 
highest concentration. 

Because of the unknown degree of purity of the sodium taurocholate it is 
difficult to discuss the difference which is shown in the table between the effect 
on Trichostrongylus of the two salts, although, on the whole, it seems to 
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depend on something more than a difference in their purity, and the impression 
is obtained that sodium glycocholate is more toxic to the worms than is 
sodium taurocholate. Whatever the true explanation may be, its obscurity is, 
for the present, immaterial to the fact that it was found that both 7. colubri- 
formis and T. vitrinus withstood higher concentrations of the bile salts generally 
than did any of the other species. The question naturally arises whether this 
contrast has any significance, but before it can be answered it is necessary to 
consider the distribution of the nematodes in the small intestine. 
Tetley (1935a) found that “the species of any one genus share a common 
area” in the intestine, and that the infestations of different genera “tended to 
4000 
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Fig. 1. Distribution of nematodes in small intestines : (1) T'richostrongylus colubriformis ; (2) Cooperia 
curticei; (3) Nematodirus sp. Ordinate: number of worms in ligatured pieces of intestine; 
Abscissa: distance of ligatures from pylorus in feet. 


arrange themselves along the intestine in the following order: (1) Trichostron- 
gylus, (2) Strongyloides, (3) Nematodirus, (4) Cooperia.” The opening of the 
bile-duct is within three inches of the pylorus, so that the sequence of the 
distribution of the nematodes means that Trichostrongylus is found nearer 
this opening than are the other genera, but before it was possible to attempt a 
further correlation of this distribution with the effect of bile salts on the 
nematodes it was necessary to obtain more detailed knowledge of the relation 
of the area occupied by the different genera to the bile-duct opening. Such 
relationship determined for Trichostrongylus colubriformis (that of T. vitrinus 
is very similar), Nematodirus (mostly N. spathiger) and Cooperia curticei is 
shown in Fig. 1. 


30 








288 Physiology of Nematodes 


It will be seen that Trichostrongylus, but none of the other genera, may 
occur close to the bile-duct opening, and that its peak of infestation is much 
nearer the pylorus than are the peaks of the others. It is probable, therefore, 
that the concentration of bile salts around worms of this genus is frequently, 
if not always, greater than that around worms of the other genera. Un- 
fortunately, it is not possible to give an estimate of this concentration; all we 
can say is that dilution and reabsorption of the bile salts make it reasonably 
safe to assume that there is a progressive decrease in their concentration in the 
intestinal contents as the distance from the pylorus increases. This progressive 
decrease fits in with the correlation between the distribution of the different 
genera and the concentrations of the bile salts which they will withstand. Is it, 
then, necessary for a nematode to possess the resistance to bile salts shown by 
Trichostrongylus before it can live near the pylorus, and is this the explanation 
of the fact that the other genera, which are fairly quickly killed by bile salt 
concentrations of 0-1%, are found farther away? There is a good deal of 
evidence to suggest that this is so. 

A further question arises as to whether the nematodes normally parasitic 
in a host whose predominant bile salt is sodium taurocholate would be more 
resistant to the toxicity of this salt than are nematodes from an animal in 
which sodium glycocholate predominated, and vice versa. This possibility was 
tested by experiment with 7’. retortaeformis from the rabbit, a host “in which 
sodium glycocholate is present almost exclusively” (Dukes, 1935, p. 285). 
The worms were taken from wild rabbits and only those in the first foot of the 
duodenum were used. They were kept in solutions made in the same way as 
those used for the previous experiments. An extended series of observations 
was not made, but the results of the few that were made did not indicate any 
great difference between the amounts of the respective bile salts withstood by 
T. retortaeformis, and those withstood by 7. colubriformis and T. vitrinus. 
0-1°% glycocholate appears to be slightly toxic to T. retortaeformis, but it 
apparently lives unharmed in 0-1 % taurocholate. More extended observations 
might, however, show that the toxicity of bile salts sometimes helps to 
determine the host specificity of nematodes. 

Before leaving the question of the distribution of nematodes in the ali- 
mentary canal of sheep it should be pointed out that, while the attempt to 
find an explanation for this distribution has in some measure succeeded, the 
explanation is far from complete. An insufficient resistance to acidity explains 
the absence of the intestinal species from the abomasum, but no reason has 
been found for the absence of Ostertagia from the intestine. And again, the 
toxicity of bile salts might account for such genera as Nematodirus and 
Cooperia being found comparatively low down in the small intestine, but I 
have given no reason why T'richostrongylus occurs in such large numbers so 
close to the opening of the bile-duct. Perhaps the final explanation is forth- 
coming only from a study of the parasitic larvae. It may be that they lodge 
themselves in the first position they find favourable: acidity will cause the 
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larvae of most of the species to move down into the intestine; Trichostrongylus 
will stay near the pylorus, while the others will go still farther down. 


Part II. CoNcERNING THE FOOD OF NEMATODES OF THE 
ALIMENTARY TRACT 


Hoeppli and Wetzel have shown that the attachment to tissue of species 
with a buccal capsule is associated with their habit of feeding on the tissues. 
The absence of a buccal capsule and well-developed mouth armature from the 
Ascaridae, the Trichostrongylidae and the like, and it is these nematodes 
which concern us here, implies that they cannot attach themselves firmly to the 
mucous membrane. Inflamed spots on the intestinal mucosa of animals har- 
bouring ascarids, presumably due to the attacks of the parasites, have been 
described by many workers (Schwartz, 1921a; Hoeppli, 1927), but very few 
cases are known in which ascarids have been found attached to the intestinal 
wall. It will be apparent that the method successful in indicating the food 
of nematodes with a buccal capsule is not applicable to the majority of species 
which only possess a rudimentary one. Before we can obtain exact knowledge 
of their food we must consider other evidence, much of it indirect. 

(1) The evidence from disease caused by nematodes. When an infestation by 
nematodes is sufficiently large to produce a diseased condition, the most 
characteristic symptom exhibited by the host is usually anaemia. Theoretically, 
the anaemia might be caused by toxins from the worms, or by blood-letting on 
their part. Different workers attribute varying importance to these two 
causes (compare the views of Chandler (1929) and Lane (1937) on hookworm 
disease) but in the only two instances when the pathology of an anaemia due 
to nematodes has been thoroughly investigated (Fourie, 1931; Foster & 
Landsberg, 1934), the conclusion was drawn that the symptoms were due 
entirely to bleeding. If this is applicable to nematode diseases in general, and 
there is no direct evidence that toxins are an important cause of the anaemia, 
then it provides strong indication that even nematodes with rudimentary buccal 
capsules suck blood. 

(2) The evidence from the secretions of nematodes. Anticoagulins have been 
demonstrated in certain nematodes. It is reasonable to presume that they are 
of some use to the worms; they either help the flow of blood from the wound 
produced by the nematodes or they prevent it clotting in their intestines. Their 
presence may therefore be taken as evidence of the worms’ blood-sucking 
habits. Unfortunately, only those species which possess well-developed buccal 
capsules have been used for most of the work on anticoagulins in nematodes 
(Schwartz, 19216; Hoeppli & Feng, 1933), and these we already know to be 
blood-suckers, however incidental the blood-sucking may be to their true 
feeding habits. Among the nematodes which concern us here the demonstra- 
tion of anticoagulins has apparently been confined to the two genera Ascaris 
and Haemonchus, in the perienteric fluid of the former and in extracts of the 
latter (Schwartz, 19215). 
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The amount of worm substance used by the various workers to demonstrate 
the presence in it of anticoagulins has usually been comparatively large, and 
perhaps the insufficiency of my material is the explanation of my failure to 
demonstrate them in Ostertagia circumcincta, Haemonchus contortus, Tricho- 
strongylus sp. and Nematodirus filicollis. 

(3) The evidence from the benzidine test for blood. This test, or an allied test, 
has occasionally been used to demonstrate blood or its derivatives in nematodes, 
(for example, Askanazy, 1896; Galli-Valerio, 1915; Hoeppli, 1927). It is an 
accepted test for blood, but unfortunately its limitations are not generally 
recognized. The catalyst effecting the decomposition of the hydrogen peroxide 
may be in the form of a peroxidase, or of a substance like haematin—and 
therefore haemoglobin and blood—or of cytochrome (Keilin, 1925), and the 
specificity of the test for blood cannot be assumed unless the substrate is 
known to be free of the other catalysts. 

All the nematodes from the sheep which I tested with benzidine gave a 
very strong positive result, even after they had been heated at 100° for an 
hour and a half, but so also did the intestine, perienteric fluid, dermo-muscular 
tube and ovaries of Ascaris lumbricoides suis. The testes of Ascaris gave a much 
fainter blue. This can be taken as showing the presence of haematin, cyto- 
chrome, or some other iron compound (the ovaries and intestine of Ascaris 
gave a strongly positive thiocyanate test for iron; see also Schimmelpfennig 
(1902)), but until the iron is shown to be derived from the host’s blood the 
positive result cannot be taken as an indication of a blood-sucking habit on the 
part of the nematodes. 

(4) The evidence from the spectroscopic demonstration of haemoglobin in 
nematodes. The spectroscopic demonstration of haemoglobin in nematodes 
has sometimes been considered as indicative of their blood-sucking habits. I 
succeeded in finding haemoglobin in worms from the sheep and other hosts, 
but as the work on this subject is not yet completed only a summary of what 
has so far been done is given here. 

(a) Haemoglobin has not been demonstrated in the intestine of Ascaris. 

(6) Both this genus (Keilin, 1925) and Nematodirus spathiger contain 
haemoglobin in other parts of their bodies, and it is different from that in the 
blood of their respective hosts. 

(c) Haemoglobin is present in the dermo-muscular tube of Toxocara canis. 

(d) Species of Trichostrongylidae from the sheep still contain haemoglobin 
after they have been kept alive in Ringer solution so long that any of it that 
might have been present in their intestines can be assumed to have decomposed. 
In fact, in the vast majority of individuals of the various genera it can still be 
found in them even after they have been kept in Ringer solution until they have 
died. | 

The facts that haemoglobin is present in tissues other than the alimentary 
canal of Ascaris and Nematodirus spathiger, and that its absorption bands have 
different positions from those in the blood of their hosts, prove definitely that 
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these nematodes synthesize it. Because haemoglobin is present outside the 
lumen of the intestine of the other species examined, and its molecule is so 
large that it is extremely improbable that it could pass through the intestinal 
wall unchanged, it may be said that these species also synthesize it. Therefore, 
until it can be shown that they require the materials for this synthesis from the 
host’s blood it cannot be assumed that the demonstration of haemoglobin in 
nematodes is indicative of their blood-sucking habits. 

The presence of haemoglobin in nematodes of the alimentary tract has, 
however, another significance. The amount of oxygen in the contents of the 
alimentary canal of mammals is so little that if the nematodes parasitic in this 
region pursue an aerobic existence, as they apparently do (Davey, 1938), then 
they would probably require haemoglobin in their tissues to obtain the oxygen 
they used. 


Attempts to feed nematodes from sheep 


The evidence which has been summarized above concerning the food of 
those nematodes which have only a rudimentary buccal capsule provided no 
definite knowledge as to their actual food requirements. Some of the evidence 
(§§ 1 and 2) pointed to a general blood-sucking habit on the part of some of the 
genera, but whether the blood was used as food could not be decided. It 
seemed wiser, therefore, before much time should be given to direct attempts 
to feed nematodes from the alimentary canal of sheep on blood or its derivatives, 
to determine first whether they could satisfactorily feed on the contents of the 
alimentary canal of their hosts. 

Difficulties due to bacteria. It is possible to sterilize the external surface 
of the nematodes from the sheep, leaving the worms unharmed, by immersing 
them in a 1/1000 solution of acriflavine in simple Ringer solution for 20 min. 
at 38°, and then giving them four washings in sterile Ringer solution. This 
treatment, however, has no effect on their intestinal bacteria, and when the 
worms are transferred to a nutritive medium the bacteria pass into it and, at 
38°, quickly make it septic. Unfortunately, any pronounced sepsis is quickly 
lethal to them; even light growths of bacteria have a harmful effect if they are 
continually present and the medium is not changed. The adult nematodes are 
here markedly contrasted with their free-living larval stages which, of course, 
feed on bacteria (McCoy, 1929; Lapage, 1933), and the contrast provides 
another indication of the great physiological metamorphosis which takes place 
in the infective larvae. 

It is largely the nature of the bacterial by-products which determines the 
extent to which the nematodes are harmed by septic media. In fluids such as 
serum it is often possible, by frequently changing them, to make the effect of 
the bacteria apparently negligible; but in others, such as the contents of the 
alimentary canal, some other means is necessary to accomplish this purpose. 

Acriflavine and quinanil, generally regarded as the least toxic of known 
germicides to animal tissues, proved harmful to the nematodes when con- 
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tinuously present in the same medium in sufficient concentration to inhibit 
bacterial growth (1: 20,000). Finally discarding antiseptics, a successful 
method was found for controlling excessive bacterial growth by imitating one 
of the ways by which it is controlled in the host’s intestine, namely, by the 
continual passage onwards of the medium. During the time that the apparatus 
was being developed, Ostertagia circumcincta, because of its general prevalence, 
and contents of the abomasum were used in the experiments. 


The length of life of Ostertagia circumcincta in abomasal fluid 


The arrangement of the apparatus used for the percolation of abomasal 
fluid over Ostertagia is much like that shown in the respiration studies (Davey, 
1938). 


The siphon arrangement was kept on top of the incubator; its outlet led into the 
incubator and thence, through the screw-pin valve, to a glass chamber containing the worms. 
The bulb of the chamber, when the apparatus was functioning, held 3 ml. of fluid. 

The abomasal contents, collected from lambs killed at a local abattoir, were centrifuged 
and the supernatant fluid filtered through (1) paper pulp, (2) a Seitz clarifying filter (K. 5), 
and (3) a Seitz sterilizing filter (E.K.). The danger of adsorption from the contents through 
the filtration could be largely overcome by filtering as much as possible through one filter. 
The fluid finally placed in the apparatus probably differed chiefly from the original abomasal 
contents in its lack of solid matter, but it is not suggested that this was the only difference. 
It is, however, believed that the fluid was a far nearer approximation to normal contents 
than anything that could be synthesized on the basis of present day knowledge; it was still 
acid in reaction, and it still retained its power of digesting proteins. 

The worms were “sterilized”’ with acriflavine solution before they were transferred to 
the glass chamber of the apparatus; as a result, the bacteria that would subsequently be 
present in their environment would be similar to the bacteria in their normal habitat. Not 
more than 2} hr. elapsed between the collection of worms and their utilization in experiments. 

The apparatus was not entirely satisfactory. A flow of one drop every 8 sec. through the 
valve appeared to be an optimum rate which would prevent sepsis of the fluid reaching a 
degree injurious to the worms, and yet would not result in an excessive use of fluid, but it 
was difficult to keep this rate constant, possibly because of the limitations of the valve. 


Of the many experiments carried out three proceeded satisfactorily. In 
each one ten Ostertagias were placed in the chamber of the percolating 
apparatus. Their general activity in the abomasal fluid was much as it was in 
Ringer solution, which made it seem likely that they were deriving no nourish- 
ment from the fluid. It was not easy, however, to observe each worm indivi- 
dually in the chamber and therefore, when some appeared to be dead, the 
percolation was stopped and the worms were removed to Ringer solution. The 
times at which death occurred in the worms removed from the abomasal fluid 
were then compared with those of the worms serving as controls. 

In none of the experiments could any significant difference be seen between 
the length of life of the two groups of worms, and although the fluid was only 
an approximation to the actual abomasal contents the results of the experi- 
ments strongly suggest that O. circwmcincta does not feed on these contents. 
The results have a further significance. It would seem that the culture of this 
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nematode will not be successfully accomplished through the synthesis of 
media containing varying proportions of proteins, carbohydrates, and other 
substances. Presumably, such a synthesized medium would be no better than 
the abomasal fluid. 

Similar experiments with the contents of the small intestine were unsuccess- 
ful, failure resulting after repeated attempts to get a continuous flow of intestinal 
fluid through the apparatus. 


Attempts to feed nematodes on blood 


Sterilizing the worms ensured that the bacteria contaminating the media 
would be derived from the bacteria of their normal habitat. Preliminary 
experiments with carmine suspensions showed that mere immersion of the 
nematodes in fluid was sufficient to allow entrance of the carmine. 

(a) Experiments with serum. With this medium it is often possible to avoid 
the injurious effect of bacteria on the worms by frequent changes of the 
medium. The worms were kept in fresh sheep’s serum (not more than two days 
old); they were removed every twenty-four hours, washed twice in sterile 
Ringer solution, and then transferred to more serum. It was found that 
Ostertagia circumcincta, Cooperia curticei, and C. onchophora lived no longer in 
serum than they did in Ringer solution. Bacterial influence has so far prevented 
an interpretation being given to the experiments with Nematodirus and 
Trichostrongylus. 

(6) Experiments with blood digest. Because a peptic digest of blood was used 
in these experiments they were performed with Ostertagia circumeincta only. 

In this mixture, the pH of which was 5-6, Ostertagia lived, however, no 
longer than in Ringer solution. 

(c) Experiments with defibrinated blood. Up to the present I have found no 
method for successfully combating the effect of bacteria in these experiments. 
Indications, though no more, were obtained that mere immersion of Ostertagia 
curcumeincta, and Nematodirus filicollis in defibrinated blood would not be 
sufficient for the artificial cultivation of these species. 


CoNCLUSION 


Surveying these attempts to culture the nematodes from the alimentary 
canal of sheep it will be apparent that while bacteria have been a paramount 
hindrance they cannot be blamed for all the negative results, and there is more 
than a suggestion that, quite apart from crude experimental technique, some 
vital factor has been ignored. The same impression is obtained by reading 
McCoy’s (1934) experiments with T'richinella spiralis, and Lapage’s (1935) 
experiments with sheep nematode larvae, and it would seem that something to 
be found at or in the intestinal mucosa is missing from the media. It is possible 
that the nematodes with even rudimentary buccal capsules feed, like those 
with well-developed ones, on tissue elements. 
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SUMMARY 


An investigation was made of certain aspects of the physiology of nematodes 
from the alimentary canal of sheep. 

Cellulose digestion has apparently no effect on the nematodes. 

The composition and concentration of a physiological saline solution suitable 
for Ostertagia circumcincta—and possibly for the other species—was deter- 
mined. 

The effect of acidity on the intestinal worms showed that they could not 
live in the abomasum because the acidity in this chamber would be too great. 
O. circumcincta could not inhabit the stomach of horses, and carnivores, or the 
abomasum of cattle, in all of which the acidity reaches a level lethal to this 
species. 

A graph is given showing the distribution of the nematodes in the small 
intestine of the sheep. After a study of the effect of bile salts on the different 
species its influence in determining this distribution is discussed. 

A discussion of the evidence relating to the food of nematodes of the 
alimentary tract led to the conclusion that even species with rudimentary 
buccal capsules might suck blood; on the other hand, the results from the 
benzidine tests and spectroscopic examinations indicate that the haemoglobin 
demonstrated in nematodes is synthesized by them. 

It was shown that O. circumeincta does not probably feed on abomasal 
contents. Bacterial difficulties hampering these experiments were overcome by 
using an apparatus whereby the contents of the abomasum could be percolated 
over the worms. The latter had been surface-sterilized with acriflavine solution. 

All attempts to feed the nematodes on serum, defibrinated blood, and blood 
digests failed. Bacteria again constituted a difficulty, but it is suggested that 
the failure is not entirely due to them, and that perhaps the tissues of the host 
must be incorporated into the media. 
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I. IntTRODUCTION 


WuiLe describing the Sporozoa infecting the gut of the polychaete worm 
Scolelepis fuliginosa, Ray (1930) mentioned the presence also of “a parasitic 
dinoflagellate”. I have had the privilege of examining Dr Ray’s preparations 
in which this organism appears, and in the following pages I propose to discuss 
its true nature. 

Prof. D. L. Mackinnon, under whom Dr Ray’s work was carried out, in- 
formed me that he was first disposed to regard it as the extracellular schizo- 
gonic phase of one of the schizogregarines that occur so abundantly in the same 
situation. Unfortunately, however, he dismissed this idea on reading the section 
on Haplozoon in Chatton’s monograph (1920) on the parasitic Dinoflagellata. In 
that work Chatton adds the following footnote (p. 270) to his account of Haplo- 
zoon Dogiel: “ Mentionnons aussi d’aprés F. Mesnil (Bull. Inst. Pasteur, 15, 230, 
1917) lexistence chez le Spionidien Scolelepis fuliginosa, d’un Haplozoon. 
M. Mesnil m’a montré une préparation de ce parasite. Le matériel était trop 


1 Thesis approved for the Degree of Master of Science in the University of London. 
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réduit pour en établir l’identité et en faire la description.”” Anyone glancing at 
Fig. 1 will see that it does bear a remarkable likeness to the picture by Dogiel 
of Haplozoon obscurum from Terebellides strému Sars, which I reproduce in 
Fig. 2. Therefore it was not surprising that Ray made no further attempt to 
associate this parasite in Scolelepis with any sporozoan. He studied in vivo 
what he considered to be the gametocysts of both species of schizogregarine 
occurring in Scolelepis (Selenidium spionis KGll. and S. foliatum Ray), and 
stated that for neither could he discover the schizogonic phase which, strictly 
speaking, alone would warrant their inclusion within the subclass Schizo- 
gregarinae. 

At Prof. Mackinnon’s suggestion I took up the question of the so-called 
dinoflagellate, for, except for Shumway (1924), no one but Dogiel has studied 
the peculiar dinoflagellates now referred to the genus Haplozoon; Mesnil’s 
note and Chatton’s passing reference were the only evidence that the organism 
in Scolelepis might be classified in this way. 

Although I began work with the assumption that I was probably dealing 
with a parasitic dinoflagellate, it soon became evident that the attaching 
apparatus was unlike that of Haplozoon, or indeed of any other of the described 
genera. And as I studied the mitotic figures, I increasingly doubted whether it 
were a dinoflagellate, for these were not at all what one would look for in the 
circumstances, and indeed were typically gregarine-like. 

I decided to consult Prof. Chatton, as the authority on the group. After 
kindly examining some of my preparations and sketches, Prof. Chatton ex- 
pressed his frank opinion that they really represented stages in the life history 
of some gregarine, and he advised me to study them further in relation possibly 
to the schizogregarines of Scolelepis. This I have now done, and the outcome of 
my investigations is that I believe this so-called dinoflagellate to be no other 
than the sporogonic phase of the gregarine Selenidium foliatum Ray. 


II, MATERIAL AND METHODS 


Most of my observations on fixed and stained material were made from 
Dr Ray’s excellent slides. But I have supplemented these with smears and 
sections of my own, and I have extensively studied the living organism. All 
material, whether mine or Dr Ray’s, came from Plymouth, and was dealt with 
either there or at King’s College, London. 

I have found that 88% of the worms are infected. (Ray, 1930, gives the 
rate of infection with Selenidiwm foliatum as 70%.) The degree of infection 
does not vary with the season. All the phases are strictly localized to a region, 
only a few millimetres in length, at the hinder end of the intestine and about 
a centimetre anterior to the anus. Here the ciliated epithelium is much folded, 
and there is a strong postero-anterior current, presumably respiratory in 
function. 

Smears and portions of fresh worms were fixed in Bouin’s fluid or Brasil’s 
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modification of Bouin-Duboscq’s fluid. Sections (8 in thickness) and smears 
were stained in Heidenhain’s iron haematoxylin. 

For observations in vivo the infected region was cut out. The body and gut 
walls were then slit up on one side and opened out flat on the slide, so that the 
parasite, which is attached to the intestinal epithelium, was disturbed as little 
as possible. For closer observation of detail such as the nature of the attach- 
ment, the epithelial cells were teased apart with needles, and pressure applied 
to the cover-slip. Intestinal fluid of the host, sea water and NaCl solution 
(0-75 %) were all employed as mounting media. The parasites survive longest 
in the intestinal fluid. Such observations were made over periods varying 
from 6 to 72 hours, in the hope of seeing the actual process of development. 
I attach great importance to the study of living material. After 12 hours, all 
stages with the exception of the mature gametocyst degenerated. Neutral red 
(0-1 in 4000), aceto-carmine and acetic methyl green were used for intra-vitam 
observation or for temporary fixation and staining. 

When living worms were available, daily examinations were made of the 
faeces; for this purpose several worms were removed from their tubes and 
isolated in shallow Petri dishes of aerated sea water. 


III. Description OF THE PARASITE 
(a) The trophic phase (Figs. 3, 4) 

The trophozoite is a flattened, leaf-like structure with dimensions varying 
from 30 to 250. When living and unattached, the body shows characteristic 
snake-like movements, twisting into an S-shape or a spiral; when attached to 
the host epithelium, these movements are pendular, but are never translatory. 
The finely granular endoplasm is surrounded by a thin cuticle, having sixteen 
to twenty-four inconspicuous longitudinal striations. The broader anterior end, 
by which the parasite is attached to the surface of the host cell, has a cone- 
shaped depression running into the endoplasm. In the cytoplasm around the 
depression are a number of refringent thread-like structures, 8 in length, 
which, together with the rim of the cone, stain densely with iron haematoxylin. 
One of the flattened surfaces of the body is raised into a prominent median 
ridge, which fades away to the posterior end and gives a transverse section the 
shape of a T. 

In the middle of the body is the nucleus, elongated antero-posteriorly, with 
a thin nuclear membrane. Lying at one end of the homogeneous nucleoplasm 
is a comparatively large, spherical, densely staining karyosome. 


(b) Association and formation of the gametocyst 


In most gregarines, association does not take place until the trophozoite 
has reached approximately the maximum size for the particular species; it is 
then known as a gametocyte. In “Selenidium foliatum’’ I find that association 
may take place while the organisms are still quite small. Paired gametocytes 
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may have a total length of as much as 226, (Figs. 5, 6). This is not a case of 
precocious association to be foliowed by further growth, nor is it a temporary 
syzygy, for the mature gametocysts also are of all sizes. Members of a pair 
may be very unequal in size (Fig. 7), as Ray has already observed. 

Most gregarines that are attached by an epimerite during the trophic phase 
release their hold before association. In “Selenidium foliatum”, however, at 
least one of the gametocytes remains attached to the wall of the intestine 
throughout the whole of the sexual phase. Ina well-infected worm the intestinal 
epithelium carries so many parasites that their writhing bodies readily come 
into contact with one another. Association, as in other Selenidia, is by the 
posterior ends, which, prior thereto, become more rounded: the ridged terminal 
surface of one individual is closely applied to the smooth surface of the other, 
leaving no space between (Fig. 8). The area of attachment is elliptical. 

The smaller associate then detaches itself from the epithelium.’ I shall 
henceforth refer to it as the posterior gametocyte. Sometimes, although not 
always, the posterior gametocyte differs also from the anterior one in its intra- 
vitam staining reactions (see also Ray, 1930): and it much more quickly loses 
its power of movement. In no other gregarine is an attached gametocyst 
known. It is possible that in “S. foliatum” the condition is an adaptation to 
prevent the cyst being carried forward by the strong ciliary current already 
referred to. 

Soon after association the posterior gametocyte, hitherto leaf-like, becomes 
cone-shaped or subspherical (Fig. 5), and loses all trace of its epimerite. The 
anterior gametocyte now also becomes immobile and its body becomes almost 
circular in cross-section, without however losing its elongate shape.? Its 
attaching region then becomes drawn out and the epimerite is converted into a 
stalk with a foot-like organ at the end (Fig. 9). During this transformation the 
“ventral ridge” becomes the “sole” of the “foot”, whilst the “toe” is derived 
from the extremity of the epimerite. At this stage a gametocyst is developed 
round the free surfaces of the two associates. This is a thin, tough, single- 
contoured membrane closely enveloping the contained gregarines. The whole 
structure now has the appearance of a greatly elongated pear hanging into the 
lumen of the intestine by the stalk and attached by what I shall henceforth 
refer to as the foot. 

The sole of the foot is applied to the surface of the epithelium, which it in no 
way penetrates. I cannot determine how adhesion is effected, but, once it has 
taken place, it is permanent, and it cannot be renewed if destroyed. The foot 
and the stalk are at first both filled with cytoplasm identical with that in the 


1 Ray (1930), writing of association in “S. foliatum”’, says that the gametocytes may either 
associate while both are attached or subsequent to detachment. I consider that cases such as the 
latter are not natural and are to be observed only when the attaching portion has been broken 
while making the preparation. 

2 In only two other gregarines do the gametocytes remain unaltered in shape: Ceratospora 
mirabilis Léger (1892) and Allantocystis dasyhelei Keilin (1920). 
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rest of the anterior gametocyte. The refringent fibrillar structures in the 
epimerital regions of both individuals disappear soon after association. 


(c) Gametogony 

Only very rarely do the gametocyte nuclei remain undivided before associa- 
tion begins. Once the gametocyst is formed, a common picture is that shown 
in Fig. 7, where the nuclear area is occupied by two, four, eight or more small 
nuclei, which later on wander out into the peripheral cytoplasm. Similar 
phenomena have been described by Caullery & Mesnil (1900) for the Selenidium 
from Spio martinensis, and by Mackinnon & Ray (1933) for Meroselenidium 
keilint. Fowell (1936) says: “In those species of Selenidium in which sporogony 
has been described, this phase is always initiated by the appearance of daughter 
nuclei within the nuclear area of the gametocyte.” } 

I am able to give some further particulars concerning this phenomenon in 
“Selenidium foliatum”. Before the first nuclear division takes place, a chro- 
matic granule appears in close vicinity to the karyosome (Fig. 11): it seems 
possible that it emerges from the karyosome (Fig. 12). The karyosome now 
entirely disappears, either by fragmentation or by yielding its chromatinic 
substance to the nucleoplasm and then being absorbed (Fig. 14). 

The nuclear membrane then fades, the chromatic granule (centrosome?) 
divides (Fig. 13) and the discrete chromatin granules form a spireme-like 
figure (Fig. 14c). An actual metaphase with distinct chromosomes has not 
been seen. The next stage represented in my preparations is the first spindle 
in late anaphase (Fig. 15): there are two polar groups of chromatin, but neither 
chromosomes nor spindle fibres are distinguishable. This figure lies within the 
area occupied by the parent nucleus. Together with it lies the remnant of the 
nucleoplasm, now very shrunken and patchy. Figs. 16 and 17 show respectively 
the teleophase of the first division and the resulting daughter nuclei. Here, as 
in subsequent mitoses, the nuclei are 2-2-5 in diameter, with their chromatin 
in the form of a few irregular blobs immediately below the membrane. Resting 
on the nuclear membrane is the centrosome. With the formation of the 
daughter nuclei, which remain closely apposed, the nucleoplasmic residue is 
absorbed. As further divisions follow, a clump of small nuclei is formed within 
the original nuclear area (Fig. 186). These divisions are not necessarily 
synchronous within one gametocyte, and the two members of one pair may be 
at different stages of daughter nuclei formation (Fig. 7). I have never been able 
to count the number of chromosomes and all mitotic figures I have seen were in 
anaphase. 

After a number of nuclear divisions, nuclear migration begins (Fig. 19). 
Presumably further nuclear division takes place after the nuclei have wandered 
into the cytoplasm, for gametocytes with as many as forty nuclei are to be found, 
and not infrequently these nuclei are grouped in couples as though they were 


1 There is an exception, however, in the case of S. mesnili, where Reed (1933) describes a state 
of affairs closely comparable with that in eugregarines at this stage. 
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daughter products (Fig. 20). In all Selenidia where sporogony has been studied 
in any detail as, for example, Selenidium spionis KOll. by Ray (1930), S. mesnila 
Brasil by Reed (1933) and S. potamillae and Meroselenidium keilini by 
Mackinnon & Ray (1933), the gametocysts leave the body of the host during or 
after this nuclear migration, and gamete formation does not take place until 
they are passed to the exterior; but in “S. foliatum” the anchoring of the 
gametocyst holds firm, and sporogony proceeds within the host. 

All separation between the gametocytes breaks down and there is one 
continuous cytoplasmic mass throughout the gametocyst, containing numerous 
peripheral nuclei. The cytoplasm then partially withdraws from the cyst, 
leaving a considerable space at the rounded posterior extremity, though 
remaining closely apposed to it in the stalk and the foot. There is now cleavage 
of the cytoplasm into as many gametes as there are nuclei, leaving no residuum. 
The first sign of cleavage is the hummocking of the cytoplasm at the posterior 
end of the gametocyst. This continues forward all round the edge, and is 
followed by centripetal lines of cleavage. The formation of the gametes does 
not always begin in what was the posterior gametocyte. Very occasionally there 
are fully formed gametes in the anterior associate, whilst the posterior one is 
still undivided (Fig. 22). Sometimes the gametes in the posterior smaller 
associate are smaller than those in the anterior larger associate, but there is no 
definite anisogamy. 

In stained preparations the gametes are rounded bodies 4-6 in diameter 
(Fig. 23). On the few occasions when I have seen them alive, they were motile, 
pyriform bodies measuring 9-15-5 x 4-7» with a flagellum at the anterior end 
(that end moving forward) as long as the body of the gamete (Fig. 24). Owing 
to the small amount of space within the gametocyst, the movement was not 
very great and only a few gametes were moving at one time. I thought at first 
that these were parasites until I saw them being constricted off from the 
protoplast, flagellar end last. This mode of formation of the gametes is described 
for Stylorhynchus longicollis by Léger (1904). In Schizocystis gregarinoides 
Léger (1910), the only other schizogregarine known to have flagellated gametes, 
the flagellum is posterior and develops on the side away from the protoplast. 
The gamete nuclei average 1-7-3 in diameter and their chromatin is regu- 
larly dispersed in the form of uniform rounded granules. After the formation of 
the gametes there is still some cytoplasm in the stalk and foot (Fig. 9c). That 
in the foot remains throughout the rest of development. It is probably essential 
for attachment,'but shows no sign of differentiation. That in the stalk, however, 
contracts into one spherical mass (rarely two) which lies for some time next to 
the most anterior of the sporoblasts, later on disappearing completely. For the 
rest of development, then, the stalk is devoid of protoplasmic content and 
consists merely of the cyst wall (Fig. 9d). It is very flexible just behind the 
foot and can be twisted and bent in any direction. This is very necessary, as the 
faecal matter passing along the gut would tear away the gametocysts if these 
stuck out rigidly. As it is, they bend back from the region behind the foot and 
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lie parallel to the gut wall while the pellet passes. It is also essential that they 
yield easily to the afore-mentioned ciliary current. 


(d) Fertilization, spore formation and the first zygotic division 


The gametes now fuse, giving rise to binucleate bodies (Fig. 25). There is a 
possibility that self fertilization as well as cross fertilization occurs, since I once 
observed the fusion of living gametes in the anterior gametocyte of an associa- 
tion, the posterior associate of which was as yet undivided. The zygotes tend 
to be angular owing to mutual pressure. The gamete nuclei approach and fuse, 
the chromatin granules of one mingling with those of the other (Fig. 26). A 
thin, firm sporocyst is secreted round each zygote. This renders staining 
increasingly difficult in later stages. The average diameter of the spores is 
8-5, and their spherical nuclei are 3 in diameter in the uninucleate stage 
(Fig. 27). A single sporocyst always occupies the apical position in the gameto- 
cyst and is modified in relation to the shape of the cyst here, being pyramidal 
with the apex pointing forward. 

In preparation for the first zygotic division, a centrosome appears at the 
periphery of the nucleus. It divides and meanwhile the chromatin is scattered 
in discrete granules, so small that it is impossible to say whether they constitute 
a true spireme or not (Fig. 28). The daughter centrosomes move to the two 
poles of the nucleus, the membrane of which has now gone. They are connected 
to the chromatin granules by very fine threads, the spindle fibres. Round 
chromatin granules now gather at the equatorial region of the spindle (Fig. 29), 
and separate into two groups which travel to opposite poles (Fig. 30). The 
number of granules varies between ten and twenty. A very typical figure at 
this stage is for the anaphase chromatin groups to be connected by a curved 
band of chromatin, the whole being dumbbell-shaped (Fig. 31). 

As it is impossible to count the number of chromosomes, if these chromatin 
granules can be so called, either in the gametocytic or zygotic divisions, I 
cannot say whether meiosis here is gametic or zygotic. 


(e) Sporozoite formation 


Daughter nuclei are reconstituted from the anaphase groups of the first 
zygotic division (Figs. 32, 33). Further divisions of these result finally in the 
production of four or eight nuclei (Figs. 34-37). All these divisions are typical 
mitoses and the interphase nuclei are all of the same pattern, that is, with 
finely granular, faintly-staining nucleoplasm containing irregular scattered 
chromatin grains and with a definite but very delicate nuclear membrane. By 
the time there are eight they measure only 1-2 in diameter. 

Centripetal cleavage of the cytoplasm gives four or eight sporozoites and a 
central residuum appearing greenish and refringent in the living spore (Fig. 38). 
While normally all sporoblasts within one gametocyst have the same number 
of nuclei, the spindle-shaped sporozoites are not developed simultaneously in 
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all spores. Living sporozoites measure 9-4-14 x 2-3-75: stained and within 
the sporocyst they measure 6-7 x 2-3 p. 

One end of the sporozoite is more rounded than the other and contains the 
nucleus, which appears just as it did before the sporoblast divided. At the 
opposite end are one or more densely staining granules (Fig. 39): it is commonest 
to find only one, but I get the impression that this multiplies until there is a 
group of them (Fig. 40). Precursors of these chromatic dots appear in the 
sporoblasts prior to the development of the sporozoites (Fig. 41). 

The variation in the number of sporozoites seems to bear no relation to the 
size either of the gametocyst or of the spores therein. Neither is it comparable 
with cases of hyperzoic spores recorded from Aggregata by Dobell (1925) and 
from Meroselenidium by Mackinnon & Ray (1933), where such spores are 
exceptions. Here, whole cysts have either tetrazoic or octozoic spores. 


(f) Reinfection 


I have very rarely seen a ruptured gametocyst within the gut, and isolated 
spores never. Consequently, I assume that, when mature, the gametocyst 
becomes detached from its hold: possibly the cytoplasm in the foot withers 
away and the anchoring mechanism is destroyed, and passes out with the 
faeces. Only mature cysts can survive in sea water. I have kept these cysts in 
aerated sea water for several days without any change occurring. Presumably 
they are taken in by another worm in this condition, when spore and cyst walls 
are disrupted by the intestinal juices. 

Some Scolelepis were starved in the endeavour to obtain “foliatum”’-free 
worms. Unfortunately they do not remain healthy if robbed of their tubes 
and mud. They were then fed with some of the cysts that had been kept in 
aerated sea water. Nothing resulted from this experiment. No cysts, spores or 
sporozoites were found in any part of the gut, probably on account of the 
unnatural conditions under which the experiment, perforce, had to be carried 
out. 

From other worms I removed the posterior end, which contains the infected 
region. They were then returned to large bowls of aerated sea water, where 
they were kept in their native mud. After a period varying from 2 to 3 weeks, 
they regenerated their tail ends. I then tried infecting these worms presumably 
freed of their parasites, but without success. 


(g) Solitary encystment 


Certain of the solitary trophozoites become cylindrical, their free ends round 
off and they secrete cysts just as in normal associations (Fig. 43). Nuclear 
division is identical with that in an associated gametocyte except that the 
nuclei tend to separate after the first division rather than remain clumped 
together (Fig. 44). Now although Watson (1916), referring to the eugregarines, 
says, “A sporont is apparently unable to make a cyst alone”, solitary encyst- 
ment has been recorded for Clepsidrina ovata by Schnitzler (1905), Ceratospora 
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mirabilis by Léger (1892) and Gonospora longissima by Caullery & Mesnil 
(1898). It has also been recorded for two schizogregarines—-Schizocystis 
spinigeri by Machado (1913) and Selenidium sp. from Spio martinensis by 
Caullery & Mesnil (1900). 

In Schizocystis spinigert the nuclei of the solitary encysted gamonts may 
divide, but they soon degenerate. In Clepsidrina ovata gametes much smaller 
than the normal are formed and develop parthogenetically. Caullery & Mesnil 
(1899), speaking of encystment in Selenidiwm, say, “. . .pour une méme espéce 
de parasite, on a tantét enkystement solitaire, tantot enkystement par deux”. 
They go on to suggest that perhaps for a number of generations the Selenidia 
reproduce by solitary encystments: then at a certain moment encystment is 
preceded by association. They found also that in Gonospora longissima, “les 
kystes. ..semblent pouvoir se former aux depens d’un ou deux individus”. In 
Ceratospora mirabilis the gametocytes without any contraction developed 
entirely independently, although they remained associated. Whether there 
was self fertilization or parthenogenetic development of the gametes was not 
determined. 

In the Selenidium from Spio martinensis Caullery & Mesnil traced the 
development of solitary encystments up to the stage when there are numerous 
scattered nuclei in the cyst. This I have also done for “S. foliatum” ; but since 
I never saw the development of gametes, I am unable to say whether there is 


self fertilization or parthenogenetic development. 


IV. SysSTEMATIC POSITION 


There can be no doubt that this parasite from Scolelepis fuliginosa, although 
bearing extraordinary superficial resemblance to an asexually reproducing stage 
of a parasitic dinoflagellate such as Haplozoon, is really the sexual phase of the 
organism named by Ray, Selenidium foliatum. The shape of the gametocyst is 
certainly peculiar and among gregarines resembles only those of Allantocystis 
and Ceratospora. No other gregarine is known which remains attached to the 
host epithelium during the formation of its gametes and spores. But the 
evidence in favour of its sporozoan affinities is conclusive, and I consider that 
“*Selenidium foliatum” must be classified with the gregarines. 

The genus Selenidium Giard is included among gregarines which have a 
schizogonic phase in the life history, and its diagnostic feature in the present 
classification is that schizogony is intracellular. Ray was unable to demonstrate 
the schizogonic phase in “S. foliatum”, and it was pure assumption on his part 
that this occurs: undoubtedly he was influenced to classify the organism 
among the Selenidiidae on account of the peculiar structure and the extreme 
mobility of the trophozoite phase, features which are common to a number of 
species in which intracellular schizogony undoubtedly occurs. 

What I find more difficult to understand is his account of its sporogony. He 
describes association and the formation of “intranuclear vesicles” in the 
nuclear area of the gametocytes; then gamete nuclei identical with these intra- 











M. J. Dips 305 


nuclear vesicles scattered throughout the cytoplasm. Neither gamete nor 
zygote formation was seen. The next stage he found was the advanced gameto- 
cyst (never within the body of the worm) containing sporoblasts. The finished 
spores were oval and octozoic. The weakness of Ray’s position here is that he 
did not trace the connexion clearly between the ripe gametocysts he associated 
with “Selenidium foliatum” and the immature gametocysts in the gut of the 
worm. He observed two types of gametocyst in the faeces of the worm, and 
while the larger of these very probably belongs to S. spionis, as he supposed (on 
account of the greater bulk of the associating trophozoites in this species), his 
suggestion that the smaller is connected with “S. foliatum” seems unsupported 
by sufficient evidence. It may be that there are more than two species of 
Selenidium in Scolelepis, but I consider it more likely that the smaller cysts he 
observed were the results of solitary encystments of S. spionis. I myself have 
seen solitary trophozoites of S. spionis encyst, and have traced their develop- 
ment up to the formation of peripheral gamete nuclei (Figs. 45, 46). The size 
and shape of these “solitary” cysts agrees well with the smaller cysts that Ray 
attributed to “S. foliatum”. I have also seen similar gametes in both types of 
cyst (Figs. 47, 48), and only one kind of spore.’ But as I have not seen mature 
spores and have not followed the development of a solitary encystment through 
every stage, the evidence for my contention is incomplete. 

Assuming that I am right and that the true gametocyst of “S. foliatum” is 
really as I have now described it, there remains the vexed question of the true 
systematic position of this organism among gregarines. Of recent years, as 
more exact observation has been made on the life histories of members of the 
genus Selenidium, it has become increasingly obvious that it is really a hetero- 
geneous group of gregarines having perhaps little in common but the structure 
of the actively moving adult phase. In some species only? has an intracellular 
schizogonic phase actually been demonstrated. Ray himself (1930) advised 
the reorganization of the genus, and with Mackinnon (1933) he began this 
work when the genus Meroselenidiwm was erected for one of the schizogregarines 
from Potamilla reniformis which was characterized by its peculiar mode of 
intracellular schizogony. 

I consider that it is justifiable to remove “Selenidium foliatum” also from 
its present position, and I propose the new gregarine genus Selenocystis, with 
S. foliata (Ray) as type species. The following is a brief diagnosis. 

Systematic position: Selenocystis n.gen. : 

Type species: Selenocystis foliata (Ray). 

Description: Trophozoite flattened and leaf-like with a prominent median 
ridge on one face. Both solitary and binary encystments take place during 


1 Ray (1930) describes two types of spore differing slightly in size and number of sporozoites— 
octozoic from the spherical cysts and tetrazoic from the larger oval cysts. 

2 Selenidium caulleryi Brasil (1907) from Protula tubularia, S. mesnili Brasil from Myzicola 
infundibulum (described by Ray in 1930) and S. potamillae Mackinnon & Ray (1933) from Potamilla 
reniformis. 
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the vegetative period. The gametocyst is elongate and pyriform and remains 
attached to the host epithelium throughout development by a foot-like organ 
which is never intracellular. Gametes flagellate and isogamous. Spherical 
spores, tetra- or octozoic. 

Habitat: Posterior portion of the intestine of the polychaete worm Scolelepis 
fuliginosa Clpde. at Plymouth. 


V. SuMMARY 


1. The so-called parasitic dinoflagellate occurring in the gut of the poly- 
chaete worm Scolelepis fuliginosa Clpde. is described and is shown to be the 
sexual phase of the gregarine “Selenidiwm foliatum” Ray. 

2. The gametocytes (often very unequal) associate by their posterior ends 
while in situ. One remains attached and its epimerite is transformed into a 
foot-like organ serving to attach the gametocyst to the host throughout the 
rest of development. The gametocyst is elongate and pyriform (26-226 x 9-34) 
and its formation involves very little alteration in the shape of the gametocytes. 
Solitary encystment also occurs. 

3. The first gametocytic nuclear division is described. Forerunners of the 
gamete nuclei are formed within the nuclear area of the gametocyte. Flagel- 
lated isogametes are formed. There is no residuum. 

4. The spores are spherical, averaging 8-5 in diameter, the number 
depending on the size of the cyst enveloping them. When ripe, they contain 
four or eight spindle-shaped sporozoites 9-4-14 x 2-3-75y and, in vivo, a 
central, spherical, refrigent residuum. 

5. A new genus Selenocystis is proposed for this organism, with S. foliata 
(Ray) as the type species. Although I have not found its asexual phase, the 
probability is that it may still be classified among the schizogregarines. 


I wish to express my sincerest thanks to Prof. D. L. Mackinnon who 
suggested and directed this work. My thanks are also due to Dr H. N. Ray 
for the use of his preparations, to Prof. Chatton for his opinion on the systematic 
position of the organism and to the members of the staff of the Plymouth 
Marine Biological Station for their assistance. I also wish to acknowledge the 
use of the University of London Table at the Marine Biological Station. 
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EXPLANATION OF PLATES XII—XIV 


All figures are of Selenocystis foliata drawn with the aid of a camera lucida and at a magnifica- 
tion of 2000 diameters unless otherwise stated. The smears and sections used were fixed in Bouin’s 
fluid or Brasil’s modification of Bouin- Duboscq’s fluid and, with the exceptions mentioned, stained 
in Heidenhain’s iron haematoxylin. The cilia of the host cells have been omitted. 


PLATE XiIl 

Fig. 1. A gametocyst containing eight sporoblasts. Reconstructed from two sections. 

Fig. 2. Haplozoon obscurum. A sixteen-celled colony stained in safranin. From Dogiel (1910, 
Fig. 19). ( x 450.) 

Fig. 3. “Selenidium foliatum.” A full-grown trophozoite. Drawn from a smear. From Ray 
(1930, Fig. 13). ( x 1000.) 

Fig. 4. “ Selenidium foliatum.” Young trophozoite attached by its anterior end to the epithelium. 
Drawn from a section stained in Dobell’s modification of Mann’s methyl-blue-eosin. From 
Ray (1930, Fig. 12). ( x 2100.) 

Fig. 5. A large living association detached from the host. ( x 850.) 

Fig. 6. A small association. Reconstructed from two sections. ( x 840.) 

Fig. 7. An unequal association showing clumps of nuclei within the nuclear areas and non- 
synchronous division of these nuclei in the two associates. The deposit of stain on the foot is 
accidental. 

Fig. 8. Lateral view of a living association. Freehand drawing. 

Fig. 9. Four stages in the formation of the foot. Living. Ventral ridge shown in black in a and 6. 
a, elongation of the epimerital region ( x 850); 6, ventral ridge giving rise to the sole of the 
foot; c, foot fully formed but still containing cytoplasm; d, mature foot. 

Fig. 10. A young gametocyst. Living. ( x 840.) 
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Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
. 24. Living gametes. ( x 1700.) 

. 25. Two living gametes fusing. ( x 1700.) 

. 26. Fusion of gamete nuclei. Living. ( x 1700.) 

. 27. A zygote. Section. 

. 28. Stages in the division of the centrosome in the first zygotic division. Sections. 
. 29. Metaphase of the first zygotic nuclear division. Section. 

. 30. Anaphase of same. Sections. 

. 31. Dumbbell-shaped anaphase figure. Section. 

. 32. Telophase of first zygotic nuclear division. Sections. 

. 33. A binucleate sporoblast. Section. 

. 34. Division of the nuclei in a binucleate sporoblast. Section. 

Fig. 
. 36. Nuclear division in same. Section. 

. 37. An eight-nucleate sporoblast. Section. 

. 38. Development of living sporozoites in a tetrazoic spore. Note the residuum in the centre. 


Fig. 


Fig. 
Fig. 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
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Fig. 11. Nucleus of a gametocyte showing centrosome (?). Section. 
Fig. 


12. Ejection of centrosome from karyosome prior to first gametocytic nuclear division (?). 
Section. 

13. Division of centrosome (?). Section. 

14a, b, two stages in the disintegration of the karyosome, c, spireme of first gametocytic 
nuclear division (?). All from sections. 


PLATE XiIll 
15. Anaphase of first gametocytic nuclear division. From a transverse section of a gametocyte. 
16. Telophase of same. Section. 
17. Daughter nuclei of first gametocytic nuclear division. Section. 
18. Further division of the gametocytic nuclei. a, Anaphase in a binucleate gametocyte. 
Section. b. Gametocytes with twelve nuclei each. Smear. ( x 850.) 
19. Migration of the gametocytic nuclei to the surface of the cyst. Smear. ( x 850.) 
20. Gametocyst with peripheral nuclei and continuous cytoplasmic mass. Smear. ( x 850.) 
21. Formation of the gametes. Living. ( x 850.) 
22. Precocious formation of gametes in one associate. Living. ( x 850.) 
23. Two gametes from a section of a gametocyst. 


35. A four-nucleate sporoblast. Section. 


PLATE XIV 
39. a, tetrazoic spore, section; b, octozoic spore, section; c, living sporozoites from a tetrazoic 
spore ( x 1700); d, stained sporozoites from a tetrazoic spore. 
40. Multiplication of the chromatic dots in the sporozoite. Section. 
41. Precursors of these chromatic dots in the sporoblast prior to sporozoite formation. 
Section. 
42. Young reinfecting sporozoites (?). Living. 
43. Solitary encystment. Living. ( x 1700.) 
44. Scattered gametocytic nuclei of same. Section. 
45. Solitary encystment of S. spionis Ray. Living. ( x 840.) 
46. Young gametocyst of S. spionis derived from a solitary encystment. Living. ( x 840.) 
47. Gametes in “oval” cyst of Ray. Living. ( x 840.) 
48, Gametes in “spherical” cyst of Ray. Living. ( x 840.) 


(MS. received for publication 2. x. 1937.—Ed.) 
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A NEW ACARINE PARASITE OF BATS 


By R. F. LAWRENCE, Pu.D. 
Natal Museum, Pietermaritzburg, South Africa 


(With 3 Figures in the text) 


THE parasites described in this paper were taken from twelve specimens 
of the Natal horseshoe bat (Rhinolophus geoffroyi zuluensis) found in a cave 
near Wartburg, Natal, in May 1937. Thirteen specimens of the parasite 
were taken from the vibrissae situated on or near the nose-leaf of the host, 
each of them being attached near the base of one of these tactile hairs. 
No single vibrissa was found to have more than one parasite attached to it. 
The largest number of mites taken from any one host animal was four, the 
smallest was one, and none were found on any part of the body other than the 
facial region. With the aid of a hand lens the parasites can easily be seen 
clinging to the nasal vibrissae, where they appear as minute white specks. So 
far as I am aware mites of the family Listrophoridae have not previously been 
described or recorded from South Africa. 


Family LISTROPHORIDAE Can. 
Gen. Labidocarpus Trt. 
Labidocarpus nasicolus n.sp. 


Specimens: 13 92, from Rhinolophus geoffroyi zuluensis. 

Colour: Snout, head-shield, basal joints of the legs, and other strongly 
chitinized portions of the body, dark brown. Abdomen white and opaque, 
transparent when mounted in glycerine jelly. 

Head: As in Fig. 1a seen from above, Fig. 16 seen from below; anterior 
apex pointed and snout-like; seen from the side (Fig. 2), the head tapers to a 
fairly sharp point. 

Legs: Structure of the anterior legs complex and indistinct, the parts 
strongly chitinized; the distal segments of these legs apparently shovel-like, 
flattened, and curved for clasping the hair; legs I and II built on a similar plan 
and resembling each other in structure. Seen from below (Fig. 15), it is difficult 
to define the outlines of the terminal segments of these legs, i.e. those parts 
which actually clasp the hair of the host. The flattened disk-like segments of 
these legs having encircled the hair do not apparently overlap each other but 
meet more or less in the middle line; this line is difficult to locate, as the chitin 
of these modified segments is rather thick, and resembles the hair to which it 
is apposed in colour and appearance. These flattened anterior legs at any rate 
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Fig. 1. Labidocarpus nasicolus. Adult 2. a, dorsal view of an attached specimen; 
6, ventral view of another specimen. 





Fig. 2. Labidocarpus nasicolus. Adult 2. a, apex of leg III; b, apex of leg IV. 
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completely encircle the hair of the host, forming a strong attachment device. 
It is difficult to remove the parasite except by sliding it along to the end of the 
hair. 

Posterior legs unmodified, the two terminal segments of III and IV as in 
Figs. 2a, 6; third leg with two tarsal spurs, fourth leg with a single spur longer 
than those of the third leg. In the fourth leg at any rate this spur may be used 
for obtaining a firmer hold of the hair, which is held more or less between the 
long curved claw on the outer side and the spur on the inner side. These spurs 
of the third and fourth tarsi with slightly denticulate edges. 

Abdomen: General appearance of body when seen from above as in Fig. la; 
abdomen with 55-65 clearly defined rings of almost uniform width except 
those just behind the head-shield, which are distinctly smaller than the more 
posterior ones. A stout, long, and tapering seta on each side of the laterally 
compressed body, just above the interval between the coxae of the second and 
third legs. Posterior apex of body with two pairs of setae, the outer and more 
anterior pair much longer and stronger than the inner and more posterior pair. 

Development: In Fig. 3 a full-grown female mite is shown with an embryo 
lying inside the body cavity. Two other specimens each contained a single 
embryo at the same stage of development, but situated more towards the 
anterior end of the body, not far from the posterior margin of the head-shield 
and nearer to the upper than to the lower side of the body. In all three cases 
the head of the larva is directed toward the posterior end of the parent mite. 
This larval stage resembles the adult in general structure and appearance except 
that it possesses three instead of four pairs of legs; the third (last) leg in the 
larva is well developed, being provided with two tarsal spurs and a claw; the 
fourth leg with its single spur presumably grows out behind the third leg of the 
larva when the metamorphosis into the nymphal form takes place. The long 
lateral seta referred to in the adult, seen in Figs. 1a, b, and 3, is present; it is 
here situated above, and a little anterior to, the base of the third leg. 

Dimensions of adult: Total length 630-640, depth of body (dorso-ventral 
measurement) 230-240 p. 

I have been unable to find sexual differences of structure in any of these 
specimens; they are presumably all females. Three species of the genus 
Labidocarpus have hitherto been described, L. Rollinati, L. megalonyx, and 
L. minor, all of them taken from the same host, Rhinolophus ferrum-equinum, 
the European horseshoe bat. The present species is just intermediate to 
megalonyx and minor in body size. 

Trouessart in his description of the genus (Bull. Soc. Ent. Fr. 1895, p. 84) 
states that the females are viviparous. In the case of Labidocarpus Rollinati 
he was also able to distinguish a hexapod larva within the body cavity of the 
ovigerous female (loc. cit. p. 87), such as has been described and figured in the 
present species. I have not been able to find any other detailed account of the 
developmental stages of Labidocarpus in the literature, but a viviparous method 
of reproduction does not seem to be an unlikely condition in a parasite of such 
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Fig. 3. Labidocarpus nasicolus. Adult 9, seen from the side, with larval form in the body cavity. 
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sedentary habits of life. N. Banks, however, in a general account of the 
Acarina (Report No. 108, United States Department of Agriculture, p. 127, 
1915), makes the following statement: “In Labidocarpus the male mates with 
the nymphal female (as in the true Analgesidae), which molts, and the true 
female issues only to deposit eggs.’’ These observations of Banks’ do not 
altogether agree with Trouessarts’ account, or with the state of affairs 
represented by Fig. 3 of this paper. 

Banks’ statement (loc. cit. p. 127) that “these mites (Listrophoridae) feed 
on the hairs of small mammals” seems hardly true in the case of Labidocarpus. 
The mites described in the present paper are attached, with the head pointing 
downwards, to the ten or twelve vibrissae arranged in a semicircle round the 
nose-leaf of the bat; these vibrissae are of course much longer and stronger than 
the hairs of the ordinary fur, and if they are indeed palatable, show no signs 
of being attacked by the mite, all of them being intact. It would indeed 
constitute an injury of some magnitude to have these delicate tactile hairs 
destroyed in an animal which has to rely on such organs for its existence more 
than in the case of other mammals. Semi-digested particles of hair would, 
moreover, be readily seen in the digestive tract, while in these specimens no 
solid matter is visible, the whole body being clear and translucent. It seems 
reasonable to infer therefore that the food of this mite is taken mn liquid form. 

There is doubtless a connexion between the nose-leaf, with its moist integu- 
ment and glandular sacs, and the feeding habits of the mites, as these parasites 
do not seem to occur on any part of the body other than the immediate neigh- 
bourhood of the nose-leaf. Trouessart also says of the male of Labidocarpus 
megalonyz (loc. cit. p. 114): “Tl vit, 4 la maniére des Myobia,. . .dans le folli- 
cule pileux des glandes sébacées qui entourent la base de la feuille nasale de 
Rhinolophus ferum-equinum.” 

Like Myobia this mite is unable to move readily from place to place on 
account of the remarkable modifications of its anterior legs. It seems probable 
therefore that it descends the hair to which it is attached and feeds on the 
secretions liberated by the sebaceous glands at its base. The nose-leaf of 
Rhinolophus itself is unusually well supplied with these fat secreting glands, 
enabling its surface to be kept perpetually moist and thus more sensitive to 
currents of air. It is significant that these mites have hitherto been found 
only on the nose-leaved group of bats of the suborder Microchiroptera. 


(MS. received for publication 19. x1. 1937.—Ed.) 
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RAT-FLEAS IN PLYMOUTH 


By R. B. MAYFIELD, M.D. 
Formerly Assistant Medical Officer of Health at Plymouth 


(With 1 Figure in the Text) 


INTRODUCTION 


THE object of this investigation, which began in May 1935 and ended in May 
1937, was to gain some idea of the species and numbers of fleas harboured by 
the rats in a certain section of the docks of Plymouth, England. This section 
of the docks is self-contained, and is separated by a considerable area of town 
from other dock premises where rats are relatively scanty. A few rats were also 
examined from the town of Plymouth. The total number of rats examined for 
fleas was eighty-three. This is a small number, but the opportunity for con- 
tinuing this work no longer exists, and, since comparatively little has been 
written of rat-fleas in Britain, it seems worth while to record these data. 

More extensive surveys have been undertaken in certain other British 
ports. In the Port and City of Liverpool (Newstead & Evans, 1921), Xenopsylla 
cheopis, Ceratophyllus fasciatus, and Leptopsylla musculi were the principal 
species encountered. A few specimens of Ceratophyllus londiniensis and one 
of Ctenocephalus canis were also found. A permanent colony of Xenopsylla 
cheopis was discovered in the warehouse district in the neighbourhood of a steam 
culvert. In the Port of London, White (1934) recorded that the commonest 
rat-flea was Ceratophyllus fasciatus, whilst Leptopsylla musculi, Ctenophthala- 
mus agyrtes, and Ctenocephalus felis were also found in fair numbers. The prin- 
cipal species found in the Port of Cardiff (Matheson, 1934) were Ceratophyllus 
fasciatus and Xenopsylla cheopis, together with a few specimens of Leptopsylla 
segnis (musculi), and one of Ctenocephalus felis. Xenopsylla cheopis was also 
obtained from the City of Cardiff, its distribution being localized almost 
entirely in four small areas, one of which was some distance from the docks. 

There are other records of the occurrence of Xenopsylla cheopis in Britain. 
In 1905, Rothschild reported that a single specimen was taken from a brown 
rat at Plymouth. In 1911 the same author reported the presence of a flourishing 
colony of Xenopsylla cheopis in the neighbourhood of some steam pipes beneath 
a laboratory at Guy’s Hospital. Finally, two specimens of this flea were 
obtained from a plague-infected brown rat at a Bristol rag factory, which was 
the seat of an outbreak of plague. (Rothschild, 1916.) 


TECHNIQUE 


Only live rats, trapped singly, were used in this survey. The cage containing 
the rat was placed in a white calico bag, and then enclosed in a wooden box 
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together with a rag soaked in chloroform. After a suitable interval had elapsed, 
the bag containing the caged rat was removed from the box, and the fleas 
collected by thoroughly combing the rat and searching the bag (Webster, 


1932). 
RESULTS 


A. Rats caught on dock premises 


The total number of rats investigated in this area was seventy-seven, 
consisting of sixty-three Rattus norvegicus and fourteen Rattus rattus. Thirty- 
five (55-5 °%) of the former species were male and twenty-seven were female. 
Two of the male rats, being less than 100 g. in weight, were considered to be 
immature. Of the species R. rattus, six were male and eight female. One of the 
latter, being less than 70 g. in weight, was considered to be immature. No 
pregnant rats of either species were found. 

Three species of rat-flea were collected in the docks, Nosopsyllus (Cerato- 
phyllus) fasciatus, Xenopsylla cheopis, and Leptopsylla segnis (muscult). 

(a) Rattus norvegicus. Table I shows the total numbers of each species of 
flea found on adult specimens of this rat during the whole period of the 
investigation, together with the average numbers of fleas per rat. Neither of 
the two immature R. norvegicus yielded any fleas. 


Table I 
F F/R 
X. cheopis 171 2-8 
N. fasciatus 352 5:8 
L. segnis 79 1-3 
Total fleas 602 
No. of rats 61 


In this and Table VIII, “‘F'”’ denotes number of fleas, and “ F/R’ denotes number of fleas 
per rat. 


Table II shows the average numbers of fleas per rat in quarterly periods of 
the year, the rats dealt with here being the same as in Table I. It should be 
mentioned that in this and subsequent tables the second quarter of 1935 does 
not include April, and the second quarter of 1937 does not include June. 








Table II 
1935 1936 1937 

c ‘ ‘ c a ‘ (me, 
Quarter of year 2nd 3rd 4th Ist 2nd «3rd 4th Ist 2nd 
X. cheopis 13-0 4-0 4:5 0-7 1-1 0-0 1-0 1-1 0-3 
N. fasciatus 6-0 9-0 5-0 7-0 4-0 8-3 2-0 76 5-7 
L. segnis 3-8 1-5 0-4 0-7 0-5 5:3 2-8 0-3 0-7 
Total fleas 22:8 14-5 9-8 8-5 56 13-7 5:8 9-0 6-7 

No. of rats 6 2 11 11 ll 3 5 9 3 


Table II does not reveal any definite seasonal variation in the numbers per 
rat of any of the three species of flea encountered. A noticeable feature is the 
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sharp fall in the incidence of Xenopsylla cheopis. Further reference will be 
made to this point. 

Table III shows the frequency distribution of the numbers of X. cheopis 
per rat, arranged in the same chronological periods as in Table II. 


Table III 
1935 1936 1937 
 cmmmeremmassies aT, ’ re niece ame. po, 

Quarter of year 2nd 3rd 4th Ist 2nd 3rd 4th Ist 2nd Totals 
0 fleas 0 ( 3 6 10 3 3 6 2 33 
1-10 fleas 3 2 6 5 0 0 2 3 1 22 
11-30 fleas 3 0 2 0 1 0 0 0 0 6 

Totals of rats 6 : nm Ha 3 5 9 3 61 


It is apparent from Table III that all the Xenopsylla cheopis were obtained 
from twenty-eight rats. Now of the 61 adult Rattus norvegicus caught on the 
docks, thirty-four were taken from a certain grain store marked A on the plan, 
and twenty-five (73-5 %) of these yielded specimens of Xenopsylla cheopis. Of 
the remaining twenty-seven adult Rattus norvegicus caught elsewhere on the 
docks, only three (11-1 %) carried Xenopsylla cheopis. Of these three, two came 
from premises B on the plan, about 60 yards distant from A, and one came from 
premises C, less than 200 yards distant from A. The total number of Xenopsylla 
cheopis gleaned from Rattus norvegicus on the dock was 171, and 164 (95-9 %) 
of these came from premises A. 

The store A receives grain chiefly from the River Plate, Black Sea, and 
Persian Gulf. Cargoes from these regions arrive at all times of the year, and 
number about twelve a year. In addition, vessels arriving from British ports 
also discharge grain here from overseas. 

Table IV shows the average numbers of Xenopsylla cheopis on the rats taken 
from premises A, the data being arranged as in Table II. 








Table IV 
1935 1936 1937 
r — 2. ~ per, 
Quarter of year 2nd~—=s 3rd 4th Ist 2nd «63rd 4th Ist 2nd 
X. cheopis perrat 15-4 4:0 5-6 1-0 2-0 0-0 2-5 2-5 1-0 
No. of rats 5 2 8 6 6 0 2 4 1 


Table IV, like Table II, shows an early pronounced fall in the incidence of 
Xenopsylla cheopis. Useful discussion is limited by the smallness of the 
numbers of rats examined. Chance variations in sampling apart however, the 
incidence of X. cheopis on dock rats is probably liable to fluctuations due to 
importations of the fleas in consignments of grain. 

The rat population at A, which was very high in 1935, was diminishing 
during 1936 and 1937, and it might be thought that with this was associated 
the fall in numbers of X. cheopis. Table V shows the average incidence of 
Nosopsyllus fasciatus per rat in premises A. It will be noted that there is not 
a similar striking fall in the numbers of this flea. 
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Plan of a section of the docks at Plymouth, England. The figures represent the numbers of adult 
Rattus norvegicus caught at different situations. For explanation of letters, see text. 
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Table V 
1935 1936 1937 





t ™~ c ~ " giremaace pe.” 
Quarter of year 2nd «3rd 4th Ist 2nd 3rd 4th Ist 2nd 
N. fasciatus per rat 7:6 9-0 5-0 8-3 6-3 0-0 2-0 3°5 6-0 
No. of rats 5 2 8 6 6 0 2 4 1 


Table VI shows the frequency distribution of the numbers of Nosopsyllus 
fasciatus per adult Rattus norvegicus on the docks, and is set out in the same 
way as Table III. 





Table VI 
1935 1936 1937 
c P 1 # 5 ~~ en, 

Quarter of year 2nd 3rd 4th Ist 2nd 3rd 4th Ist 2nd Totals 
0 fleas 0 0 1 2 3 0 1 1 0 8 
1-10 fleas 5 2 8 7 7 2 4 5 3 43 
11-20 fleas 1 0 2 1 1 1 0 2 0 8 
21-30 fleas 0 0 0 1 0 0 0 ] 0 2 

Totals of rats 6 ; Rm BR 3 5 9 3 «661 


Table VII shows the frequency distribution of the numbers of Leptopsylla 
segnis per adult Rattus norvegicus on the docks. 


Table VII 
1935 1936 1937 
Se, at,’ 

Quarter of year 2nd 3rd 4th Ist 2nd 3rd 4th Ist 2nd Totals 
0 fleas 0 0 7 7 8 0 2 6 2 32 
1-5 fleas + 2 4 4 3 1 2 3 24 
6-10 fleas 2 0 0 0 0 2 1 0 0 5 

Totals of rats 6 7-H Uw H 3 5 9 3 61 


(6) Rattus rattus. The single immature R. rattus yielded one specimen of 
Nosopsyllus fasciatus. The gleanings from the thirteen adults are shown in 
Table VIII. 


Table VIII 
F F/R 
X. cheopis 7 0-5 
N. fasciatus 50 3-9 
L. segnis 25 1-9 
Total fleas 82 6-3 


The seven specimens of X. cheopis were obtained from two rats. One of 
these came from the premises A mentioned above, and the other from a grain 
store, marked D on the plan, situated about two hundred yards from A. 


B. Rats caught in the town of Plymouth 


Four Rattus norvegicus and two R. rattus were trapped in the town of 
Plymouth and examined for fleas. Between them they yielded thirty-two 
specimens of Nosopsyllus fasciatus, and three of Leptopsylla segnis. None of 
these rats harboured Xenopsylla cheopis. 
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SUMMARY 


1. Three species of flea were found on rats caught on the docks of Plymouth, 
England, namely, Nosopsyllus (Ceratophyllus) fasciatus, Xenopsylla cheopis, 
and Leptopsylla segnis (muscult). 

2. The findings of Xenopsylla cheopis were almost entirely confined to a 
certain grain store, whence the flea was obtained constantly throughout the 
period of the investigation. 

3. A few rats caught in the town of Plymouth yielded Leptopsylla segnis 
and Nosopsyllus fasciatus, but no Xenopsylla cheopis. 
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DEVELOPMENTAL STAGES OF PANOPISTUS 
PRICEI SINITSIN IN AGRIOLIMAX AGRESTIS 


By BRUCE D. REYNOLDS 
University of Virginia 


(With 1 Figure in the Text) 


In his study of Panopistus pricet from the small intestine of Blarina brevicauda. 
Sinitsin (1931) also briefly described a metacercaria, obtained from the peri- 
cardium of the snail, Gastrodonta suppressa, which he considered to be a larval 
stage of Panopistus pricet. 

Krull (1935) described the various larval stages in the life history of 
P. pricei and showed by experimental feedings that Zonitiodes arboreus (Say) 
could serve as both the first and second intermediate host. 

On 8 November 1935, while examining the land slug, Agriolimaz agrestis, 
for intestinal parasites, one of my students, Mr F. F. Ferguson, found a snail 
heavily infected with the larval stages of a trematode. Three other snails kept 
in the same Petri dish for seven days had developing metacercariae in their 
kidneys. 

A comparison of these larvae with similar stages described by Krull for 
Panopistus pricei indicated identity of species. Besides adding Agriolimax 
agrestis as a first and second intermediate host of Panopistus pricei, this paper 
will describe more completely the excretory system of the developing meta- 
cercariae and record some observations as to the number of larvae found. 


Methods 


The snail with the primary infection was carefully crushed between two 
slides and the tissues on each of the slides were fixed, stained and mounted 
under long cover-glasses. 

Of the three snails with secondary infections, one was sectioned at thickness 
of 124 and the larvae were studied in the organs; another was carefully 
dissected and the developing metacercariae were removed from the kidney, 
fixed, stained, and mounted whole on a slide; the trematode larvae were 
removed from the third snail, placed in 0-6 saline solution and studied in the 
living condition. 

OBSERVATIONS 


Sporocyst. Several remnants of sporocysts were found in the snail with the 
primary infection. One of these showed a complete branch, 0-85 mm. long, 
which contained fifteen cercariae. The longest branch of the sporocyst pictured 
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by Krull is approximately 0-8 mm., and apparently contains thirteen embryos 
and two young cercariae. 

Cercaria. The information given by Krull (1935) applies so aptly to the 
cercariae found in this investigation that an additional description is un- 
necessary. He speaks of the tail as being “very short”. The average length of 
this structure in ten specimens selected at random is 19. When the dimensions 
of these ten cercariae and their several organs are compared with the corre- 
sponding maxima and minima as given by Krull in the third column of Table I, 
p. 94, the greatest difference in any measurement is 8p. 

As to the number of cercariae in a snail, Krull (1935) states that as many as 
257 have been washed off the surface of a small infected snail at one time. A 
careful count of the cercariae in the snail with the primary infection involved 
in the present study revealed a total of 8511. 

Metacercaria. All of the snails placed in the Petri dish with the snail having 
the primary infection were infected by contact. The one that was sectioned had 
a total of forty-three larvae in its kidney, the other two had twenty-six and 
seventeen respectively. As they had been in contact with the snail containing 
escaping cercariae only 7 days, none of the larvae were fully developed 
metacercariae. For instance, of the seventeen fixed and stained specimens from 
one of the snails, there was a range in total length of 180-342, and in width 
of from 75-160 u. The smallest of these had approximately the same dimensions 
as the cercariae in the first snail host and the intestinal caeca barely extended 
beyond the anterior margin of the acetabulum—indicating its recent arrival. 
The largest one had almost dropped its caudal appendage and the intestinal 
caeca had extended to near the posterior end of the body. Also in the latter, 
the genital primordium had divided into two portions, an anterior, smailer 
germarium (?) and a larger, posterior part. The other structures had increased 
proportionately. 

Observations were made of the excretory system on living specimens of 
developing metacercariae about 270 long. The condition found was inter- 
mediate between that described for the cercarial and metacercarial stages by 
Krull (1935). The excretory bladder is located in the posterior end of the body. 
There is a sphincter muscle around the duct as it leaves the bladder and just 
before it passes into the caudal appendage. In the tail the duct expands into 
a bicornate vesicle which empties to the exterior through two pores on its 
postero-lateral margins. Anteriorly the bladder is also provided with a sphincter 
which is continuous around the bases of the collecting tubules emptying into it. 
Distal to this sphincter the collecting tubules expand into vesicle-like struc- 
tures. From thence the tubules run forward marginally to the region of the 
pharynx where they bend and return, dorsal to the ascending stem, back to the 
centre of the genital primordium. The descending portion of each collecting 
tubule has about twelve ciliated areas distributed along its course. At the level 
of the genital primordium the collecting tubules give off a posterior branch, a 
mesial branch, and an anterior branch, the latter branching again near the 
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level of the acetabulum. These smaller tubules terminate in flame cells of 
which two are acetabular, ten preacetabular, and ten postacetabular (Fig. 1). 

Besides the 8511 cercariae found in the original snail, there were also 
22 metacercariae. These varied in length from 460 to 636, and in width from 
300 to 390. They are somewhat smaller than the maxima and minima given 
by Krull (1935) in Table II, series A, p. 97, but they are well within the range 
and furthermore, the size of the other structures correspond to similar measure- 
ments given by Krull. No encysted stages were found. 


0-1 mm. 





Fig. 1. Dorsal view of a developing metacercaria, taken from the kidney of Agriolimaz agrestis, 
showing the excretory system. This larva is about 270 » long and has undergone approximately 
one-fifth of its development from the cercarial to the metacercarial stage. P=genital 
primordium. 


Marita. From 8 to 15 January 1936, nine short-tailed shrews, Blarina 
brevicauda, caught in the vicinity of Charlottesville, Virginia, were examined 
for helminthic parasites. Four of these were infected with Panopistus pricet. 
Four of the fourteen flukes obtained were adults and ten were immature. The 
smallest of these immature specimens was 0-875 x 0-295 mm. In comparing 
this with the largest metacercaria (0-636 x 0-384 mm.) found in the slug it is 
seen that most of the dimensional difference is due to the state of contraction. 
The suckers are the same size. The young marita from the shrew does show a 
slight increase in the size of its gonads and the vitellaria are more distinct. 


DIscussION 


The only larval stage of Panopistus pricet reported by Sinitsin (1931) was a 
metacercaria. This was found in the pericardium of Gastrodonta suppressa. 
Krull (1935) infers that the evidence presented by Sinitsin is inadequate to 
justify the conclusion that the metacercaria in question represents a larval 
stage of Panopistus pricei. Although Sinitsin’s description is insufficient, his 
Fig. 27, Pl. IV, undoubtedly illustrates a metacercaria of Panopistus pricet. 

Krull (1935, p. 98) says: “‘ First intermediate host snails having a sporocyst 
infection will not serve as second intermediate hosts.” In this study several 
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fragments of sporocysts, 8511 cercariae and twenty-two metacercariae were 
found in a single specimen of Agriolimaz agrestis. This snail may also serve as 
the second intermediate host for Brachylaemus virginianus (Reynolds in press), 
while from Europe metacercariae of Brachylaemus and sporocysts of Dicro- 
coelium have been reported from it. 


SUMMARY 


Various stages in the life cycle of Panopistus pricei are reported from 
Agriolimasx agrestis. These are essentially the same as those reported by Krull 
from Zonitoides arboreus. The excretory system of a developing metacercaria 
is described. 
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STERILE CULTURE OF THE FREE-LIVING STAGES 
OF THE SHEEP STOMACH WORM, HAEMONCHUS 
CONTORTUS 


By R. W. GLASER anp NORMAN R. STOLL 


From the Department of Animal and Plant Pathology, The Rockefeller 
Institute for Medical Research, Princeton, N.J. 


(With 3 Figures in the Text) 


INTRODUCTION 


Untix recently all studies on the biology of the free-living stages of parasitic 
nematodes have been made on ova and larvae in faecal cultures containing a 
variety of micro-organisms. McCoy (1929a, 6, 1930), however, obtained bacteria- 
free ova of the dog hookworm, Ancylostoma caninum, and inoculated them onto 
agar with single strains of certain bacteria. The larvae hatched and grew to 
the infective stage in about seven days with bacteria as their sole source of food. 
Ova placed on agar without bacteria hatched normally and survived, without 
growing, for as long as ten days. When the medium was inoculated with bac- 
teria, the larvae grew to the infective stage. He also found that the nematodes 
failed to grow on bacteria that had been killed by heat and that only an insig- 
nificant number reached the infective stage when placed in cultures of sterilized 
faeces. In his conclusions McCoy does “not exclude the possibility that other 
substances than bacteria may serve as food for hookworm larvae”. Lapage 
(1933) used similar methods with certain sheep nematodes of the genera 
Trichostrongylus, Ostertagia and Chabertia; also Graphidium strigosum and 
Trichostrongylus retortaeformis parasitic in wild rabbits. He reared the nema- 
todes to the infective stage in pure cultures of a strain of Bacillus coli, recovered 
from the intestines of some filariform larvae, and suggested that the free-living 
larval stages normally feed on micro-organisms of the coli group if not on 
B. coli itself. 

Until recently it has been considered either impossible or extremely difficult 
to rear certain forms of animal life free from micro-organisms (Glaser & Coria, 
1933, 1935; Glaser, 1938; Trager, 1935, 1937). The desirability of culturing 
nematodes in a controlled or partially controlled environment is obvious and 
the value of this to helminthology has been repeatedly emphasized by McCoy 
(1929, 1930), Lapage (1933), Hoeppli (1936-7), Wardle (1937), and Davey (1937). 

The present writers chose the familiar stomach worm, Haemonchus contortus, 
of sheep, primarily because of its availability. In nature two larval stages are 
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spent in an obligate free-living existence by strongyloid species. The egg is 
passed in the faeces, as in hookworm, and the first stage larva which hatches 
from it feeds actively, grows, moults, and enters a second larval stage in which 
feeding and growth continue and the earlier rhabditoid oesophagus becomes 
filariform. At the end of the second stage its free life is over, and from then on 
it is sustained on the nutriment stored within the intestinal cells until it enters a 
host and begins parasitic life. The end of this second stage is marked by the 
development of a larval sheath within which the outlines of the third larval or 
first parasitic stage can be observed. Occasionally this sheath is cast before the 
nematode is able to parasitize, although usually it appears to function as a 
protective envelope until that event. Thus the infective larva is one which has 
completed the development of the sheath at the end of the second free-living 
stage, which may or may not have lost this sheath, and which grows further 
only as a parasite within the host. 

It seemed advisable to attempt to rear the free-living Haemonchus larvae 
in a sterile environment. By so doing, one would have a more nearly perfectly 
controlled environment for more accurate studies on the behaviour of the 
parasite under varied conditions, and bacteria-free infective larvae would also 
be available later for attempts to culture the parasitic phases. Preliminary 
work showed that absence of bacteria was an absolute requirement for the 
parasitic stages, for contaminants rapidly changed the nutrient constituents 
and the reaction of any medium, and death of the nematodes ensued before any 
indications of growth occurred. 

The present work deals with the successful culture of the free-living stages 
of Haemonchus contortus in a special medium free from micro-organisms. 
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EFFECT OF BACTERICIDES ON THE OVA 


To establish a source of eggs of Haemonchus contortus a bottle-raised lamb 
was given by mouth 290 infective larvae that had been grown from 10 triturated 
female worms. A pure Haemonchus infection was thus established in the lamb, 
which became positive on the 17th day and provided an abundant supply of 
eggs beginning a few days later. Ova were obtained for the experiments from 
faecal samples obtained from the rectum by salt flotation (Stoll, 1930), the eggs 
being immediately rinsed into an excess of distilled water in a 50 c.c. pointed 
centrifuge tube. The ova were next washed and centrifuged 5 times in separate 
lots of 10 c.c. of sterile water after which they were centrifuged once in White’s 
(1931)! sterilizing agent. This was drawn off and 10 c.c. of fresh sterilizing agent 
added. In this the ova remained from 10 to 20 min. After this treatment the 
ova were again washed and centrifuged 5 times in sterile water, and finally 
inoculated into various special media to study their development. A drop of 
the ova suspension was also always inoculated into routine laboratory media 
under aerobic and anaerobic conditions to test for bacterial sterility. 


1 Mercuric chloride, 0-25 g.; sodium chloride, 6-50 g.; hydrochloric acid, 1-25 c.c.; ethyl alcohol, 
250 c.c.; distilled water, 750 c.c. 











326 Free-living Stages of the Sheep Stomach Worm 


At first, a series of tests was made to study the effect of the sterilizing 
agent on Haemonchus ova. Two series of sterile depression slides were prepared 
as follows. A platinum loopful of melted 2% water agar was placed on a 
number of sterile cover-slips. On each a loopful of the suspension of treated ova 
was placed. One series comprised those treated for 10 min.; the other cover- 
slips received ova treated for 20 min. The cover-slips were inverted over the 
depressions in the slides and the edges sealed with sterile vaseline. The slides 
were held at room temperatures (22-27° C.) and the following day counts were 
made of the number of hatched and unhatched ova. 


Table I. Cownts of hatched and unhatched ova, after treatment with bactericide 





10 min. treatment 20 min. treatment 
e , ~~ ia aaa aaa —_~—__— a 
Culture Culture 
Test Unhatched for Test Unhatched for 
no. Hatched (dead) bacteria no. Hatched (dead) bacteria 
1 13 4 0 1 22 23 0 
2 12 3 0 2 17 18 0 
3 22 12 0 3 14 12 0 
4 34 10 0 4 41 45 0 
Total 81 29 94 98 
% hatched 74 49 


Table I gives the results obtained in a typical test. 74 % of the eggs hatched 
after the 10 min. treatment, whereas 49 % hatched after the 20 min. exposure. 
The ova that did not hatch were dead. They did not undergo cleavage and 
showed definite signs of vacuolation. These results compare favourably with 
those obtained by McCoy, who sterilized his material for 30 min. in 5% anti- 
formin solution in 10% formalin, and found from 10 to 50% of the hookworm 
ova viable after this treatment. At the beginning of our work we used McCoy’s 
method of sterilization, but we obtained so many fungus contaminations that 
it was abandoned and White’s solution was used because it gave more constant 
results. 


Tue MepiIum 


After unsuccessful attempts to rear the bacteria-free nematodes in heat- 
sterilized sheep faeces and in many other special media, the writers finally 
developed a sterile medium which was favourable to the growth of Haemonchus 
larvae. It had been found in this laboratory (Glaser & Coria, 1933, 1935) that 
Paramecium caudatum and P. multimicronucleatum could be reared under 
sterile conditions by the use of a medium consisting of liver extract, killed 
yeast and rabbit kidney. Recently, Trager (1937) succeeded in obtaining 
growth of mosquito larvae (Aedes aegypti) free from living micro-organisms by 
utilizing growth factors one of which is present in yeast extract, the other in 
certain liver extracts. A similar combination was also used in rearing houseflies 
under sterile conditions (Glaser, 1938). It seemed therefore likely that Haemon- 
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chus larvae might respond to such an environment if it was modified to meet 
certain special requirements. 

The yeast added to the medium was prepared as previously reported (Glaser 
& Coria, 1935, p. 113). For this work, the sediment was suspended in 15 c.c. of 
water and killed by subjecting it to a temperature of 75-80° C. for 1 hr. This 
was then centrifuged and 1 c.c. lots ground under aseptic conditions for 2-3 hr. 
in a mechanical grinder. Each cubic centimetre of the ground yeast was diluted 
with 10 c.c. of sterile water and added to the medium in the amount stated 
above. It is very important that the yeast be finely ground to particles of 
approximately colloidal size, otherwise they cannot be ingested by the young 
larvae. 

The liver extract was prepared as formerly described (Glaser & Coria, 1933) 
and with this a semi-solid gel was made as follows: the 0-5°% water liver 
extract (Eli Lilly No. 343) was warmed to 45-50° C. At the same time a 2% 
water agar was melted and cooled to the same temperature. To 90 c.c. of the 
warm liver extract, 10 c.c. of the melted and partially cooled agar was added. 
This was mixed and the reaction adjusted to pH 7-0. Small sterile test-tubes 
(No. 9446, Arthur Thomas, 100 x 13 mm.) were taken and 0-2-0-3 g. of pieces of 
fresh sterile rabbit kidney were placed in the bottom of each tube. Over this 
the liver extract agar was poured to a depth of 1 cm. (about 1} c.c.). Two drops 
of the sterile, ground bakers’ yeast was added to each tube. The tubes were 
rotated by hand to distribute the yeast, after which the medium was congealed 
in the refrigerator. Before inoculation with Haemonchus ova, the medium was 
held at room temperature for about } hr. This warmed the tubes sufficiently 
and produced a semi-solid condition of the medium favourable to the move- 
ments of the nematodes. 

Initially the reaction of the medium was varied from pH 5-0 to 8-0, but 
pH 7-0 appeared best suited to the larvae. Water extracts of sheep faeces gave a 
range of pH 7-0-7-4. With hookworm larvae McCoy found no significant dif- 
ferences between pH 6-0-9-4 and concluded that “H-ion concentration in itself 
is probably of little significance in the development of eggs and larvae”, 
although Stoll (1923) had shown earlier that with Necator americanus larval 
development failed to take place in more strongly acid faeces of pH 4-8-5-0. 

The nutrient constituents were also varied appreciably. For instance, the 
amount of liver extract was varied, the kidney tissue was omitted in some cases 
and different species of killed and ground micro-organisms, such as brewers’ 
yeast, Bacillus coli and a staphylococcus, substituted. Growth occurred with 
some of these combinations, but best results were attainable in the standard 
medium described above. 
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CuLTURE RESULTS 


All tubes containing the medium were inoculated by means of standardized 
pipettes with two drops of a water suspension of bacteria-free ova. By averaging 
counts it was determined that each tube received about 1500 ova. As pointed 
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out above, only one-half to three-quarters of the introduced ova were viable, 
dependent upon the length of time they were treated with White’s solution. 
Consequently, when the contents of the tubes were examined many dead eggs 
were encountered. 

After inoculation, the tubes were placed in a darkened humidor and held at 
room temperatures (22-27° C.). These temperatures were also within the range 
of those used by McCoy (1930) who found 23-30° C. most favourable for hook- 
worms. Contaminations which developed in some of the tubes were nearly 
always due to fungi that grew through the cotton plugs. However, a moist 
environment was necessary for the medium; otherwise drying and shrinking 
occurred. 

In the very first sterile culture examined—14 days after sowing eggs in the 
tube—an infective larva, well nourished and active, was present in the wash 
water from the surface of the agar. Besides the expected number of unhatched 
eggs, there were also many dead embryos. Some of these had evidently not 
survived hatching long, some had developed slightly and died, a few had 
reached the preinfective stage (immature second stage) and were either dead 
and vacuolating, or were barely alive and poorly nourished. In subsequent 
experiments, as the culture environment was modified and improved, in- 
creasing numbers of larvae developed. Vacuolated forms which were sluggish 
or already dead became fewer, and well-nourished larvae with intestinal cells 
well filled and dark, became numerous (Fig. 1). In good cultures this was also 
shown by the migration of infective larvae up the inside of the culture tubes, 
where they could be observed with a hand lens in wisps of aggregated larvae, 
as is characteristic of the species (Veglia, 1915). In tubes in which the moisture 
had somewhat evaporated, these larvae on the glass were frequently in the 
coiled watch-spring form of Ransom’s (1906) classic illustration. Favourable 
cultures occasionally showed sheaths cast at the end of the second stage, although 
unsheathing is not commonly observed even in larvae reared in ordinary sheep 
dung, their natural habitat. Presence of this sheath, with its long, finely 
drawn-out, kinked tail, the almost stubby posterior end of the third stage larva 
visible within, was one indication of the completion of second stage develop- 
ment (Fig. 2). Characteristic activity was manifested by these infective larvae. 
Occasionally, abnormal forms were seen (Fig. 3), probably indicating that the 
conditions employed for sterile growth were never quite ideal. This may also 


Legends to Figs. 1-3. 


Fig. 1. Haemonchus infective larva reared in sterile culture from the egg. Dark well-filled intestinal 
cells signify a well-nourished condition. An unhatched egg partially obscures the anterior 
end. x 200. 

Fig. 2. Haemonchus larvae, infective stage, from sterile culture, with characteristic kink in the 
tail of the sheath. Filariform oesophagus. Particulate material is ground yeast. Specimens 
heat-killed after removal from a 28-day culture. x 200. 

Fig. 3. Abnormal Haemonchus larva from sterile culture after 38 days. Alive when photographed. 
Third stage larva can be seen withdrawn both anteriorly and posteriorly from the ends of the 

econd stage sheath. Oesophagus, showing poorly, was definitely filariform. x 200. 
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have been attested by the fact that the highest yield of infective stages obtained 
from any culture was only about one-fourth the number of eggs which hatched, 
although low yields are not infrequent in ordinary faecal cultures. 

In cultures examined at the beginning of this work, sheathed larvae of the 
end of the second stage were distinctly shorter than ordinary, some measure- 
ments ranging 0-34-0-45 mm. paralleling an earlier observation by one of us 
with Necator americanus larvae. When these short forms were experimentally 
removed from faecal culture early in the second stage, some of the preinfective 
forms would complete their transformation in clear water with no additional 
food. The resulting infective forms would then be smaller than larvae from a 
similar source reared to full infectivity in faeces. 

As culture conditions for Haemonchus were improved, larval lengths at the 
end of the second stage were increased. Occasional quiescent forms permitted 
measurements of length without killing. Twenty-five of these from sixteen of 
the later cultures, using one to four specimens from each, showed lengths, 
sheaths included, ranging 441-690y, with a mean value of 569 + 94. When fifty 
larvae of the same stage and from the same strain, grown in sheep dung and 
isolated on the 8th day, were measured in water, after killing by heat, they 
ranged 605-752, with a mean value of 679+4y. Similarly nineteen such 
larvae from a 54-day culture had a mean length of 662 + 7p (range 611-712). 
These compare with a range of 650-75ly, averaging 693, obtained by 
Dikmans & Andrews (1933) who measured 11—13-day-old infective larvae grown 
from triturated adult female Haemonchus and killed in Fleming’s fluid. The 
range of analogous measurements by Veglia (1915) is 571-820u, by Ménnig 
(1931) 694-722, in both instances from faecal-grown larvae, but with method 
of fixation not specified. The infective larvae from sterile cultures are thus 
shown to be, on the average, slightly smaller than typical faecal-grown speci- 
mens, although the size ranges overlap. 


INFECTION TEST WITH BACTERIA-FREE LARVAE 


While the ensheathed filariform larvae which developed, appeared, by 
morphological criteria, to be mature infective forms and possessed characteristic 
activity, a test of their actual infectivity for the sheep host seemed desirable. 
From a sterile culture 28 days old, there were counted 300 infective larvae 
which were immediately fed to a 3-months-old bottle-raised lamb which had 
been maintained helminth-free. Faecal examinations of this lamb were negative 
until the 19th day. The egg count of this infected animal reached 540,000 per 
diem. The ratio of 1800 eggs per larva given signified good infectivity of the 
larvae. Four months after infection the lamb was killed, and at autopsy 
63 normal H. contortus (28 $3, 35 99) were recovered. There thus remained as 
adults 4 months later 21° of the number of larvae used for infection. 

When the infection of this lamb was 3 months old, a regular faecal culture 
from it yielded numerous infective larvae on the 7th day, with 45 % of the eggs 
in culture recovered as infective larvae. Of these, 3000 were administered by 
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mouth to a 54-months-old bottle-fed lamb, hitherto helminth-free. This 
animal, negative on the 14th day, became positive on the 15th. Its egg count 
went eventually to 5,800,000 daily, equivalent to about 1900 eggs per larva 
administered. After this lamb had in turn been used as a source for another 
infection, it was killed. This was 31 days after administration of the single dose 
of 3000 larvae. At autopsy 1898 morphologically normal Haemonchus (946 33, 
952 99) were recovered, representing 63 % of the infecting dose. 

These infection tests proved that Haemonchus larvae grown under condi- 
tions of sterility were normally infective for, and produced normal adults in, 
a susceptible lamb. The nematodes subcultured from such an infection in turn 
produced larvae of normal infectivity. We have, in fact, employed this strain 
since for a succession of source animals for Haemonchus material. 





SUMMARY 


The effect of an efficient bactericidal solution on the hatching of Haemon- 
chus eggs was studied and it was found that a large proportion remained viable. 
Based on former work, a medium was devised in wuich the bacteria-free eggs 
hatched and the larvae developed to the infective stage. These larvae were 
morphologically and otherwise normal, except that they were slightly smaller 
than faecal-grown specimens, although the size ranges overlapped. Infectien 
tests proved that Haemonchus larvae grown under conditions of sterility were 
normally infective for, and produced normal adults in, a susceptible lamb. 
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ON A NEW TICK FROM BRITISH SOMALILAND 


By R. J. WHITTICK, B.Sc. 
Department of Zoology, British Museum (Natural History) 


(With 7 Figures in the Text) 


A COLLECTION of ticks from British Somaliland recently sent to the British 
Museum (Natural History) contained specimens of a species of Ornithodoros 
unlike any in the national collection and (from the appearance of the integu- 
ment) related to the North African species O. foleyi Parrot (from Algeria) and 
O. delanoéi Roubaud & Colas-Belcour (from Morocco). The late Prof. G. H. F. 
Nuttall presented to the Museum a specimen of O. foleyi, and the writer is in- 
debted to Prof. E. Roubaud for comparing one of the present specimens with 
the type of O. delanoéi. Prof. Roubaud writes to say that, having examined 
the Somaliland specimen, he and M. Colas-Belcour are of the opinion that it 
belongs to the species O. delanoéi: and that the various details of structural 
difference do not warrant a specific distinction, but indicate that the present 
specimens may belong to a different biological or geographical race. The large 
size of these Somaliland ticks, the discovery of their larvae and their presence 
in a locality so widely separated from that of the type, are considered important 
enough to be placed on record, and the specimens are regarded as representing a 
subspecies of O. delanoéi. 


Ornithodoros delanoéi acinus n.subsp. 


The subspecies agrees in general with the typical form, but there are 

particulars in which they differ: 
Size 

Types. Male (gorged) 16-5 x 9 mm. ; female (partially gorged) 23-5 x 15 mm. ; 
nymph (unfed) 17x10 mm. Among the female paratypes the maximum is 
27 x 17 mm. and the average size approximates closely to that of the selected 
type specimen. The larvae are 1-5-2 mm. long and 0-75-1 mm. broad. Thus the 
nymph is approximately equal in size to the adult female of the typical form 
while the adult female of the new subspecies is at least 25°, and sometimes 
50%, larger. 

Morphology 

Adult. There are a few rather indistinct tegumental pits between the anus 
and the genital opening. The capitulum appears to be situated further behind 
the anterior end of the body, the tip of the hypostome being more than 
3$ times the length of the hypostome from the anterior end. The basis capituli 
is inserted on a high transverse ridge which merges laterally with two longi- 
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tudinal folds. These run forward, flanking the basis capituli, and gradually 
diminish till they merge under the first joint of the palps into the numerous 
creases of the integument. The hypostome (Fig. 1) bears teeth only on its distal 
third, and these are arranged for the most part 2/2 but towards the posterior 
end of the dentate region another row creeps in to make the formula 3/3 for a 
short distance. Post-hypostomal hairs are present in the adult. 

The palps are longer than the hypostome. The first segment is the longest, 
being appreciably longer than the second. The third and fourth segments are 
more or less equal and much shorter than the other two. The first three seg- 
ments bear dorso-medially a number of long, curved bristles which meet 
dorsally to the hypostome. 








Fig. 1. O. delanoéi acinus. Hypostome and palpi of adult 9, ventral. 


The legs differ in detail from those of the typical form: coxae I-III are all 
slightly bifid (Fig. 2) and the tarsi (Fig. 3) differ in the degree of development 
of the humps on tarsus I and protarsi II-IV. There is no marked disparity in 
the size of the claws of the four legs. 

Nymph. The nymph resembles the adult closely except as regards size and 
the absence of a genital opening. In place of this there is a slight semilunar 
depression, and in the region between this and the anus the tegumental pits are 
more clearly developed than in the adult. 

Larva. A number of larvae were found in association with the other speci- 
mens and are believed to belong to the same species. One is figured (Fig. 4) and 
the following points appear noteworthy: the hypostome is large relative to the 
body, longer than the palps and more extensively dentate than in the adult; 
the coxal and supracoxal folds are already visible; no tegumental pits could be 
distinguished ; the first palpal segment is relatively short. 
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O. delanoéi acinus 


Fig. 2. Ventral surface of adult 2, showing coxae and capitulum. 
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Fig. 3. Legs of adult 9. 
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Fig. 4. O. delanoéi acinus. Larva, ventral. 
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Fig. 6. Fig. 7. 


O. delanoéi acinus 
Fig. 5. Ventral surface of 9 ( x 5). Fig. 6. Dorsal surface of nymph ( x 14). Fig. 7. Detail of dorsal 
surface (c. x 7}). 








338 On a new Tick from British Somaliland 


Material 


One male, five females, one nymph and numerous larvae collected by 
Mr E. F. Peck, Veterinary Agricultural Officer, British Somaliland. They are 
known locally as “ Kutkuda” and were found “buried two inches in caves at 


Bulleh Tir”, but no information is yet available as to their host or as to the 
effect of their bite. 
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A DESCRIPTION OF HYMENOLEPIS NEOARCTICA 
N.NOM., SYN. H. FUSUS LINTON, 1927, WITH A 
DISCUSSION ON THE SYNONYMY OF TAENIA 
FUSUS KRABBE, 1869 


By THOMAS IDWAL DAVIES, M.Sc., Pu.D. 
Fellow of the University of Wales 


From the Department of Zoology, University College of Wales, Aberystwyth 
(With 3 Figures in the Text) 


(a) INTRODUCTION 


THE species of Hymenolepis Weinl. described in the following pages was collected 
from the small intestine of a greater black-backed gull, Larus marinus, shot on 
the Dovey mudflats near Aberystwyth, in February 1935. Comparisons of the 
dimensions of scolex and strobila, measurements of rostellar hooks and suckers, 
and appearance of genitalia, prove beyond doubt that the species is identical 
with that described by Linton (1927) under the name of Hymenolepis fusus 
(Krabbe) (vide Table infra). From the data tabulated in the discussion below, 
the writer is satisfied moreover that the species described by Linton is totally 
distinct from Taenia fusus Krabbe 1869, and the new name Hymenolepis 
neoarctica is therefore proposed to include Linton’s species. Since the descrip- 
tion by Linton dealt only with the morphology of the immature forms, the 
following account of the morphology of the mature worm is given, based on 
material collected at Aberystwyth. 

It is of interest that the strobilae of Hymenolepis neoarctica n.nom. 
collected from Larus marinus at Aberystwyth were associated with strobilae of 
Hymenolepis ductilis Linton, 1927. For both these species the present records 
are the first from the Old World, and present evidence of a neoarctic element in 
the cestode fauna of British gulls. 


(b) Description OF HYyMENOLEPIS NEOARCTICA N.NOM., 
syN. Hy MENOLEPIS FUSUS LINTON, 1927 


The strobila is relatively short and frail, with a length of 45 mm. and a 
maximum breadth of 0-45 mm. The scolex is small, subspherical (Fig. 1), with 
a diameter of 0-14—-0-17 mm., bearing a short, blunt rostellum whose length is 
approximately equal to its breadth (0-064 mm.). The ten rostellar hooks are 
arranged in a single row, their shape (Fig. 2) being identical with those figured 
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by Linton (1927, PI. 8, fig. 103). Their form is also indistinguishable from those 
of Taenia fusus Krabbe, 1869. In length they remain constant at 21-234 
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Figs. 1-3. Hymenolepis neoarctica n.nom. 


Fig. 1. Scolex, 0-14-0-17 mm. in diameter. Fig. 2. Rostellar hook, 10, 21-23 long. Fig. 3. Mature 
proglottis, 0-41 mm. broad. Ventral view. c. cirrus; c.s. cirrus-sac; ext.v.sem. external vesicula 
seminalis; ov. ovary; t, testis; v.ex.v. ventral excretory vessel; vag. vagina; vit. vitellarium. 


(Linton, 20). The rostellar sac reaches well beyond the posterior borders of 
the suckers, and measures 0-117 mm. long by 0-058 mm. broad. The suckers are 
fairly small, spherical, and highly muscular, with a diameter of 0-07 mm. 
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The neck is extremely attenuate, being approximately 4 mm. in length, and 
slightly narrower than the scolex, its breadth being in the region of 0-13 mm. in 
an average specimen. Following the neck is a very long immature region, whose 
first segments are extremely indistinct, and answering well to Linton’s descrip- 
tion—“‘little more than transverse rugae”. The progress of sexual maturity 
along the strobila is very retarded, the breadth of the strobila increasing 
gradually towards the mature region. A typical mature proglottis measures 
0-07 mm. long by 0-41 mm. broad, the length-breadth ratio being approxi- 
mately 1 : 6. The ventral excretory vessels are exceptionally broad, with a 
diameter of 0-21 mm. Dorsal and transverse vessels were not observed. 

The three testes are usually arranged in the Hymenolepis gracilis fashion, 
with the aporal testis situated obliquely in front of the middle testis (Fig. 3). 
Irregularities occasionally occur, the aporal testis occurring posteriorly and in 
line with the other two, or situated directly in front of the middle testis in the 
H. liguloides fashion. All three testes are slightly oval in shape, typical 
measurements being 0-053 mm. broad by 0-040 mm. long. The cirrus-sac 
extends across the whole of the proglottis, overreaching the aporal excretory 
vessel. Its measurements are 0-36 mm. long by 0-023 mm. broad, and it is 
occupied by a large internal vesicula seminalis. A small vesicula seminalis 
externa is also present, situated dorsal to the cirrus-sac, and partly posterior to 
it, at a point immediately inside the excretory vessel of the aporal side. 

The genital pores are unilateral on the right side of the strobila, the genital 
ducts passing inwards dorsally to the excretory vessels. The cirrus is capable of 
being everted to an abnormal length. In one specimen it was observed to be 
0-4 mm. long by 0-01 mm. broad, armed with very minute backwardly pro- 
jecting spines. The ovary is transversely elongate, consisting of two wings 
joined by a broad isthmus. Both wings are distinctly lobed. The breadth of the 
ovary is approximately 0-170 mm. The vitellarium is compact, generally oval 
in outline, situated medianly behind the isthmus of the ovary. 

The vagina is unique in that it is thrown into convolutions along almost the 
whole of its length, its coils being especially numerous between the poral 
excretory vessel and the ovary. In the dorsoventral field they are situated 
ventrally to the cirrus-sac. This peculiarity of the vagina is doubtless corre- 
lated with the unusual length of the everted cirrus. The vaginal convolutions at 
first recall the coils of the vas deferens in the Dilepididae. In the last segment 
of one mounted specimen, the vagina was observed to enter a pear-shaped 
receptaculum seminis, of length 0-085 mm. and breadth 0-043 mm. The uterus 
and eggs were not observed during the course of the investigation. 


Hymenolepis neoarctica n.nom. 

Speciric Diagnosis. Hymenolepis Weinland, 1858; with generic characters. Length 
45 mm., maximum breadth 0-45 mm. Scolex 0-14-0-17 mm. broad. Rostellum short, globular, 
0-064 x 0-064 mm. Rostellar hooks, ten, 21-23 long. Rostellar sac 0-117 x 0-058 mm., 
reaching well beyond posterior borders of suckers. Suckers 0-07 mm. in diameter. Typical 
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mature proglottis0-07 x 0:41 mm., withlength-breadthratioapproximately 1 : 6. Testes three, 
usually arranged in the H. gracilis manner, with the aporal testis obliquely in front of the 
middle testis. Irregularities occasionally occur, the three testes being linear or with the 
aporal directly in front of the middle, as in H. liguloides. Testes 0-053 x 0-040 mm. Cirrus 
sac extending across whole proglottis, its aporal tip reaching beyond aporal water vessels. 
Its measurements are 0-36 x 0-023 mm. A small external vesicula seminalis occurs dorsal to 
the cirrus-sac and partly posterior to it, at a point immediately inside the aporal excretory 
vessels. Cirrus extremely long, 0-40-01 mm., armed with minute spines. Ovary trans- 
versely elongate, distinctly lobed; transverse diameter 0-170 mm. Vitellarium compact, 
0-053 mm. broad, situated median and posterior to the ovary. The vagina is peculiar in that 
it is convoluted. Receptaculum seminis pear-shaped. Uterus and eggs? 

Habitat. Intestine of Larus marinus; L. argentatus. 

Locality and dates. Aberystwyth, February 1935. North America, various 


seasons. 


(c) DiscussIon ON THE SYNONYMY OF T4eNI4 FUSUS KRABBE, 1869 


Krabbe (1869) described under the name of Taenia fusus a cestode collected 
from two hosts, Larus glaucus and L. ridibundus. Linton (1927) gave an account 
of a cestode from L. argevitatus in America, which he considered to be identical 
with Krabbe’s species, and which he described as Hymenolepis fusus (Krabbe). 
A year later, Joyeux & Baer (1928) described a species from Larus argentatus in 
Salonica under the name of Haploparaksis fusus (Krabbe)—a species again 
considered to be identical with the original Taenia fusus Krabbe. Southwell 
(1930) described a form collected from Larus brunneicephalus in the Zoological 
Gardens of Calcutta, whose measurements tallied with the description of 
Taenia fusus Krabbe, 1869, and which he (Southwell) named Hymenolepis 
usa (Krabbe). 

Table I shows the characters of the various species that have been con- 
sidered identical with Taenia fusus Krabbe, together with the characters of 
Hymenolepis neoarctica mihi as described in the present paper. It is readily 
observed that the last two forms, Hymenolepis fusus Linton, 1927 and H. 
neoarctica mihi are identical, both being short, slender worms, with a broad, 
blunt rostellum armed with hooks 20-23y in length. Furthermore, the 
cirrus-sac in both cases is very long, reaching well beyond the median line. 

The first three forms, Taenia fusus Krabbe, 1869, Aploparaksis fusus 
Joyeux & Baer, 1928, and Hymenolepis fusa Southwell, 1930, show great 
resemblances to each other in gross morphological characters. They are all 
large worms, whose breadth reaches 1 mm., their rostellar hooks being 15-174 
long. The two latter species show striking similarity in the size of their scolices, 
whilst they are both characterized by a fairly long rostellum. Furthermore, the 


important anatomical character of cirrus-sac length again shows a close 
resemblance in the two species concerned. 

The scanty description of Taenia fusus by Krabbe, 1869, makes it impossible 
to decide whether A ploparaksis fusus Joyeux & Baer, 1928 or Hymenolepis fusa 
Southwell, 1930 is identical with Krabbe’s species; on the basis of priority of 
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Table I. Comparison of the morphological characters of species that have been 


considered identical with Taenia fusus Krabbe, together with the characters 


of Hymenolepis neoarctica mihi. 





Taenia fusus Aploparaksis Hymenolepis Hymenolepis Hymenolepis 
Krabbe, fusus J.& B., fusa South- fusus Linton, neoarctica 
1869 1928 well, 1930 1927 mihi 
Length (mm.) 250 100-120 90 30 45 
Breadth (mm.) 1 1 1 0-35 0:45 
Scolex diam. — 0-21 0-21 0-10 0:14-0:17 
(mm.) 
Rostellum — 0-14 0-105 -- 0-064 
length (mm.) 
No. of hooks 10 10 10 10 10 
Length of 15-17 17 16 20 21-23 
hooks (,.) 
Sucker diam. -- 60 x 50 — — 70 
(y-) 
Testes diam. (u.) — 48 x 38 —~ _ 53 x 40 
Extent of — Almost Almost Overreaching Overreaching 
cirrus-sac reaching reaching median line* median line 
median line median line 
Hosts Larusglaucus Larus Larus brun- Larus Larus 
L.ridibundus  argentatus neicephalus argentatus marinus 
Locality Greenland, Salonica Calcutta J.S.A. Britain 
Bavaria 


* The fact that the cirrus-sac overreaches the median line in Hymenolepis fusus Linton, 1927 
is deduced from Linton’s figure 104. 


description, however, precedence is given to Joyeux & Baer’s species as a 
synonym of the original Taenia fusus, and the various forms dealt with above 
are classified as follows: 

(1) Aploparaksis fusus (Krabbe, 1869) syn. Taenia fusus Krabbe, 1869, 
Haploparaksis fusus Joyeux & Baer, 1928. 

(2) Hymenolepis fusa Southwell, 1930, nec Taenia fusus Krabbe. 

(3) Hymenolepis neoarctica n.nom., syn. Hymenolepis fusus Linton, 1927. 
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ON ANOMOTAENIA GALLINAGINIS N.SP. FROM THE 
INTESTINE OF THE COMMON SNIPE, GALLINAGO 
GALLINAGO (LINN.) 


By THOMAS IDWAL DAVIES, M.Sc., Px.D. 
Fellow of the University of Wales 


From the Department of Zoology, University College of Wales, Aberystwyth 
(With 3 Figures in the Text) 


INTRODUCTION 


Two mature worms of this species were recovered from the small intestine of a 
Common Snipe, Gallinago gallinago (Linn.), shot on a Cardiganshire moor in 
July 1935. Three mature worms were again obtained from a Common Snipe shot 
on the same moor in the third week of October 1936, just prior to the arrival of 
the migrant snipe. 

DESCRIPTION 


The largest specimen reaches the length of 45 mm., with a maximum breadth 
of 0-9 mm. The scolex (Fig. 1) is clearly demarcated from the rest of the strobila, 
and varies from 0-25 to 0-3 mm. in diameter. It bears four rounded suckers 
each with a diameter of 0-11-0-13 mm. The prominent rostellum, whose length 
reaches 0-138 mm., possesses a marked terminal dilatation. The diameter of 
the rostellum is 0-057 mm., whilst that of its globose tip is 0-085 mm. The outer 
rostellar sac is 0-256 mm. long, and reaches well beyond the posterior borders of 
the suckers; its length is approximately double that of the inner sac. A dense 
mass of glandular tissue occupies the space between the outer and inner sacs, 
being usually concentrated round the wall of the latter. 

The globose rostellar tip bears twenty-six hollow hooks arranged in two 
alternating rows. The hooks of both rows are 32-34 long. In shape (Fig. 2), 
the hooks of the anterior and posterior rows are very similar; the dorsal root is 
long and thin, the well-curved blade is about equally long, whilst the ventral 
root is short but prominent. As is indicated in the figure, the curvature of the 
posterior hook is somewhat more continuous than that of the anterior hook. 

A typical mature proglottis (Fig. 3) measures 0-35 mm. in length by 0-55 mm. 
in breadth, the length-breadth ratio being approximately 2 : 3. A very narrow 
dorsal excretory vessel of diameter 0-003 mm. overlies a ventral vessel of 
0-011 mm. throughout the length of the strobila. Both vessels curve strongly 
inwards in the intersegmental areas. Transverse connectives could not be 
discerned in whole mounts. 

The testes are 17-22 in number and are disposed in a compact group behind 
the female glands (Fig. 3); occasionally a few testes may extend over the pos- 
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terior border of the aporal wing of the ovary. They are roughly spherical in 
shape, with a diameter reaching 0-055 mm. The male products are stored in a 
much coiled vas deferens situated near the anterior border of the proglottis, 





V.EX.V. r.sem. v.def. 
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vit. t. 3 \ 
Figs. 1-3. Anomotaenia gallinaginis n.sp. 

Fig. 1. Scolex, 0-25-0-3 mm. in diameter. Fig. 2. Rostellar hooks (26) from anterior and posterior 
rows, both 32-34 long and of very similar shape. Fig. 3. Mature segment, 0-55 mm. broad. 
Dorsal view. ¢.8. cirrus-sac; ov. ovary; r.sem. receptaculum seminis; ¢. testis; v.def. vas 
deferens; v.ex.v. ventral excretory vessel; vag. vagina; vit. vitellarium. 


immediately behind the proximal end of the cirrus-sac and extending almost to 
the median line. The cirrus-sac averages 0-096 mm. in length by 0-021 mm. in 
diameter, and overreaches the poral water vessels. A constriction often occurs 
in the wall of the cirrus-sac such as to separate a longer proximal part from a 
shorter distal part. The latter part contains a stout cirrus armed with spines. 
In all the specimens examined the cirrus is retracted, opening into a deep 
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genital atrium at a point anterior to the opening of the vagina. The marginal 
genital pores alternate irregularly from right to left along the length of the 
strobila. 

The ovary extends laterally as far as or slightly beyond the excretory vessels 
on both sides. It is distinctly two-winged, the wings being joined medianly by 
a narrow ventral commissure. The deep lobing of the ovary lends it a digitate 
outline. The compact vitellarium lies medianly behind the ovary, often partly 
enclosed by the ovarian wings. It is distinctly lobed and measures up to 
0-053 mm. in length by 0-170 mm. in breadth. The shell gland lies dorsally in 
the parenchyma, immediately in front of the vitellarium. The rounded recepta- 
culum seminis lies on the poral side of the shell gland, directly dorsal to the 
ovarian commissure. Its diameter reaches 0-075 mm., and from it the simple 
vagina leads directly outwards to open behind the cirrus-sac into the genital 
atrium. The uterus is a simple sac occupying the whole of the gravid proglottis, 
extending laterally beyond the excretory vessels. The opportunity did not arise 
of examining the structure of the eggs. 


Discussion 


On the characters of the size and shape of the rostellar hooks, Anomotaenia 
gallinaginis n.sp. shows considerable resemblance to A. globula (Wedl, 1855) 
and A. ericetorum (Krabbe, 1869). A. globula (Wedl), however, possesses 
30 hooks; its scolex and suckers are large, measuring 0-4—0-5 mm. and 0-2 mm. 
in diameter respectively; whilst the number of testes in each proglottis lies in 
the region of 35. The anatomy of A. ericetorum (Krabbe) is hitherto undescribed, 
but its 32 rostellar hooks serve to distinguish it readily from A. gallinaginis n.sp. 
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Anomotaenia gallinaginis n.sp. 

Speciric D1aGnosis. Anomotaenia Cohn 1900; with generic characters. Length 45mm. 
Breadth 0-9 mm. Scolex 0-25-0-3 mm. in diameter. Rostellum 0-138 x0-057 mm., with a 
globose tip of 0-085 mm. diameter. Rostellar hooks 26 in two rows; anterior and posterior 
hooks 32-34, long, similar in shape. Rostellar sac extends well beyond posterior borders 
of suckers; suckers 0-11-0-13 mm. in diameter. Proglottids broader than long, with length- 
breadth ratio of 2:3. Testes 17-22 in number and 0-055 mm. in diameter, situated behind 
the ovary. Cirrus-sac 0-096 x 0-021 mm., extending just beyond the poral excretory vessels. 
Cirrus armed with spines. Genital pore pre-equatorial, irregularly alternate. Ovary digitate; 
vitellarium lobed, 0-053 mm. long by 0-170 mm. broad. Receptaculum seminis rounded, 
0-075 mm. in diameter. Uterus sacciform, occupying the whole of the gravid segments. Eggs? 


Habitat. Small intestine of Gallinago gallinago (Linn.). 
Locality. Upland moor, Cardiganshire, West Wales. 
Dates. 5 July 1935; 21 October 1936. 


[MS. received for publication 3. 1. 1938.—Ed.] 
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INTRODUCTION 


AN examination of English sparrows taken in the vicinity of Lafayette, Indiana, 
has yielded three species of cestodes. Two of these have been identified as 
Anonchotaenia globata and Hymenolepis passeris, while the third is described 
provisionally as Choanotaenia passerina. 

Six valid species of cestodes have been reported from Passer domesticus: 
Hymenolepis passeris (Gmelin, 1790) (= Taenia fringillarum Rudolphi, 1810), 
Paricterotaenia parina (Dujardin, 1845), Dilepis attenuata (Dujardin, 1845), 
Choanotaenia passerina (Fuhrmann, 1908a), Anonchotaenia globata (von Lin- 
stow, 1879), and Hymenolepis clerci (Fuhrmann, 1924). Fuhrmann (19080, 1932) 
and other workers have chosen to disregard Gmelin’s (1790) designation of 
Taenia passeris, presumably because of the incomplete description of this 
species, and consider Hymenolepis fringillarum (Rudolphi) a valid species. 
Ransom (1909), however, regarded H. passeris (Gmelin) as having priority in 
this case. Krabbe (1869) gave a brief description of Taenia fringillarum and 
figured the rostellar and embryonal hooks. Both Ransom (1909) and Fuhrmann 
(19085) have referred to Krabbe’s inadequate description for the identification 
of this species. Fuhrmann also cited Aploparaksis fringillarum (Rud.), as 
described by von Linstow (1904), as a synonym of Hymenolepis fringillarum 
(Rud.), although von Linstow’s description makes it impossible for the species 
which he observed to be assigned to the genus Hymenolepis. 


1 This study was begun under the guidance of the late Dr C. H. Alvey and completed under the 
direction of Dr R. M. Cable, to whom I hereby express my appreciation for his co-operation and 
many helpful suggestions. 
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Dujardin (1845) described Taenia parina and T’. attenuata, the latter of 
which has been assigned to the genus Dilepis Weinland, 1858. Taenia parina 
was redescribed by Krabbe (1869) and Clerc (19066), who placed it in the genus 
Choanotaenia Railliet, 1869. Baer (1925) later assigned it to the genus Ictero- 
taenia Railliet & Henry, 1909, and Fuhrmann (1932) placed it in the new genus 
Paricterotaenia. Linton (1927) reported P. parina from the United States. 

Choanotaenia passerina was first described as Monopylidium passerinum by 
Fuhrmann (1908a), who later (1932) placed it in the genus Choanotaenia, after 
separating from this genus and placing in another subfamily those species in 
which the uterus is said not to break up into egg capsules but to remain sacci- 
form or lobed. The similarity of Choanotaenia passerina and Paricterotaenia 
parina has been noted by several investigators; Hopkins & Wheaton (1935) 
suggested that they may be synonymous, and expressed the opinion that the 
form of the uterus appears to be a poor basis for the separation of genera in this 
group. Johnston (1909) described Choanotaenia passerina from Passer domesticus 
in Australia, and Hopkins & Wheaton (1935) recorded its occurrence in English 
sparrows in Illinois. Stunkard & Milford (1937) have reported that a careful 
examination of sectioned specimens from English sparrows in Alabama revealed 
that what appeared to be isolated egg capsules in whole mounts were actually 
continuous uterine lobules. The extreme confusion concerning the taxonomy of 
the genera Choanotaenia and Paricterotaenia has been discussed adequately by 
Stunkard & Milford (1937) and will not be repeated here. 

Von Linstow (1879) described Taenia globata which Fuhrmann (1908c) re- 
described and assigned to the genus Anonchotaenia Cohn, 1900. Fuhrmann also 
reduced A. clava Cohn and several other species to synonymy with A. globata 
(von Linstow). Ransom (1909) gave an excellent description of this species 
and reported its occurrence in the United States. 

Hymenolepis clerct Fuhrmann, 1924, was first described as H. interruptus by 
Clere (1906a), who found it in Muscicapa atricapillata. Meggitt (1916) re- 
described the species and reported its occurrence in Passer domesticus. Since 
Hymenolepis interruptus Clerc was preoccupied by H. interrupta Rudolphi, 
Fuhrmann (1924) renamed Clere’s species H. clerci. Mayhew (1925) assigned 
this species to a new genus, Weinlandia, which he separated from the genus 
Hymenolepis. Fuhrmann (1932) did not accept the validity of the genus Wein- 
landva and accordingly returned the species to the genus Hymenolepis. 


MATERIAL AND METHODS 


Most of the sparrows were collected in or near the buildings of the Purdue 
Agricultural Experiment Station. The birds were blinded by lights and taken 
from their perches in most cases, although a few were trapped. They were 
decapitated and examined immediately for parasites. 

All worms recovered were carefully dissected from the intestines, placed in 
physiological saline solution, and stirred constantly with a camel’s hair brush 
until relaxation occurred. The cestodes were killed and fixed in a very dilute 
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aqueous solution of mercuric chloride and later treated with iodine to remove 
the mercuric chloride. They were stained with Delafield’s haematoxylin, de- 
stained in acid alcohol, and mounted in Canada balsam. 

The cestodes to be sectioned were stained in toto with Delafield’s haema- 
toxylin and later in section with paracarmine to render some of the more 
obscure structures visible. All drawings were made with the aid of a camera 
lucida and their respective magnifications have been indicated. 

All worms reported were collected between 8 October 1934 and 1 April 1935. 
Of 197 birds examined, seventeen were infected with cestodes. A peculiar 
seasonal variation in infection was noticed in that none of eighty-eight sparrows 
collected between 28 November 1934 and 4 March 1935 were infected with 
cestodes. This variation seems to indicate both that the parasites are short 
lived and that their intermediate hosts are either not present or are not active 
transmitters of infection during certain periods of the year. 


KENNETH E. KINTNER 


OBSERVATIONS AND DIscussION 
Description of Species 


(1) Hymenolepis passeris (Gmelin, 1790) (Figs. 1-7). 

Host. Passer domesticus. 

Locality. Lafayette, Indiana. 

Percentage infection: 2-5. 

This species has been found in five of the seventeen birds which were 
infected with cestodes. The worms were all attached deeply in the intestinal 
tissue and, like most of the cestodes found in the birds examined, were lodged 
towards the anterior part of the intestine. They appeared singly rather than in 
masses. Some of the worms were very small and immature; others had large 
gravid proglottids at the end of the strobila. From three to eleven worms 
appeared in each host infected with this species. 

The mature worm averages 50-60 mm. long, while some of the immature 
ones are only 5-7 mm. in length. Since the terminal proglottids of longer 
worms are gravid, such worms are considered to be mature. The average 
diameter of the scolex (Fig. 1) is 0-234 mm. with the rostellum protruding. 
With the rostellum retracted, the average diameter of the scolex is 0-256 mm., 
being greater at the anterior end. The rostellum measures 0-053 mm. in average 
maximum diameter. It may be retracted into a pouch-like receptacle, which has 
a capacity of about three times the volume of the rostellum. The average 
lengths of the rostellum and receptacle are 0-085 and 0-228 mm. respectively. 
A mass of granular cells having the appearance of a glandular organ is located 
at the base of the receptacle. No explanation of its use seems evident at this 
time. The rostellum is armed with a single row of ten hooks each of which is 
0-028 mm. in length (Fig. 2). The suckers average 0-1 mm. in diameter in a 
relaxed specimen and are unarmed. 

Segmentation begins almost immediately behind the scolex (0-68 mm. from 
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the tip of the rostellum). The breadth at this level averages about 0-158 mm. 
The ripe proglottids (Fig. 5) are rather constant in size, varying from 1-25 to 
1-35 mm. in width. The length of gravid proglottids averages 0-41 mm., making 
them approximately three times as broad as long. The genital pores are 
unilateral and are located at about the beginning of the second third of each 
mature proglottid (Fig. 4, c). 

The longitudinal excretory vessels (Figs. 3, 4, 5, e) appear largest in the 
mature proglottids. In the immature segments they are well defined, but less 
in size. Connecting vessels at the base of each proglottid are not visible but 
probably exist since the excretory vessels are seen to curve in slightly at the 
base of the mature proglottids. With the genital pore on the right, the genital 
ducts extend laterally and pass dorsal to the longitudinal excretory vessels as 
in other members of the family Hymenolepididae. 

The testes (Fig. 4, ¢) are three in number and lie dorsally (pore on the 
right). In the mature segments two of them are situated in the posterior part 
of the segment, one on each side about halfway between the median line and the 
excretory vessels. The third testis lies directly anterior to the left posterior 
testis, and at the level of the genital opening. The maximum size of the testes 
is 0-14 mm. 

The small seminal vesicle (0-17 mm. long and 0-07 mm. wide) is located in 
the median anterior portion of the segment (Fig. 4, sv). It is dorsal to the large 
seminal receptacle which it immediately overlies. The seminal vesicle connects 
directly with the large cirrus pouch. The vas deferens appears as a coiled tube 
extending halfway through the pouch where it connects with the cirrus. The 
cirrus pouch measures 0-172 mm. long and 0-64 mm. wide, while the cirrus is 
about 0-03 mm. wide and of an indefinite length. At about the point where it 
crosses the nerve cord, there appears small glandular or muscular cell masses 
on either side of the penis. It is impossible to determine whether the penis is 
armed, but it does not appear to be. 


Legends to Figs. 1-13. 

Fig. 1. Seolex of Hymenolepis passeris. 

Fig. 2. Rostellar hook of H. passeris. 

Fig. 3. Immature proglottid of H. passeris, 1 cm. from tip of rostellum. 

Fig. 4. Mature proglottid of H. passeris. 

Fig. 5. Gravid proglottid of H. passeris. 

Fig. 6. Embryo of H. passeris drawn from a stained specimen. 

Fig. 7. Embryonal hook of H. passeris. 

Fig. 8. Scolex of Choanotaenia passerina. 

Fig. 9. Rostellar hook of C. passerina. 

Fig. 10. Immature proglottid of C. passerina. 

Fig. 11. Mature proglottid of C. passerina. 

Fig. 12. Gravid proglottid of C. passerina. 

Fig. 13. Uterine capsule containing young embryos of C. passerina. 

c, cirrus or penis; cp, cirrus pouch; e, excretory vessel; eg, embryos; n, nerve cord; 0, ovary; 

r, rostellum; s, shell gland; sr, seminal receptacle; sv, seminal vesicle; ¢, testis; v, uterus; 
v, vagina; vi, vitellarium; vd, vas deferens, 
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The large, bulbous seminal receptacle (0-192 mm. long and 0-16 mm. wide) 
les directly beneath the seminal vesicle. It diminishes in size gradually to form 
the vagina, which extends below, and is hidden by the cirrus pouch. The 
seminal receptacle is a prominent structure in each proglottid and retains its 
identity as a conspicuous organ in both young and old segments. 

The ovary is composed of a double layer of lobes which seem to have a 
centre of attachment beneath the seminal receptacle. Twelve to sixteen lobes 
were usually noted in each segment. The lobes of the ovary, like so many over- 
lapping fingers, project from beneath the posterior half of the seminal recep- 
tacle, giving the ovary a fan-shaped appearance. The yolk gland (Fig. 4, w) 
appears in the posterior median line of the segment. It is granular in structure 
and measures 0-08 mm. in diameter. 

The bilobed uterus (Fig. 4, 5, w) fills practically one-third of the mature 
segment and almost all of the gravid proglottid. It extends laterally as far as 
the excretory vessels and backward to the posterior wall of the segment. It 
extends a little anterior to the middle of the proglottid and is ventral to both 
testes and ovary. The mature uterus averages 0-48 mm. in width, with the 
antiporal lobe appearing slightly larger than the poral lobe. The gravid uterus 
(Fig. 4, «) is distended with embryos. The embryo (Fig. 6) is 0-07 mm. in 
diameter and is provided with a shell of three layers which are easily seen in 
the most mature proglottids. The hooks of the hexacanth (Fig. 7) measure 
0-02 mm. in length. 

A decided protandry is exhibited in the development and differentiation 
of the proglottids, the primordium of the seminal vesicle (Fig. 3, sv) appearing 
first as a mass of cells in the mid-anterior region of the youngest proglottids. 
In slightly older segments, the three testes and seminal receptacle appear 
(Fig. 3, t, sr). The testes first appear as granular masses surrounding the 
seminal receptacle. They then become vesicular in nature and enclose a central 
denser mass of nuclei. The surrounding space is gradually obliterated with the 
growth of the central mass and becomes almost crescentic in appearance. This 
is shown in Fig. 3, taken from a proglottid 1 cm. from the tip of the rostellum. 
The uterus is the last organ to develop. 

Krabbe (1869) gave the following description of Taenia fringillarum Rud. 
(=T. passeris Gmelin) from English sparrows in Bavaria: 

The worms have a length of up to 100 mm. and a breadth of 1 mm. 

The scolex has a protrusible rostellum with a crown of ten hooks, each hook 
measuring 0-028 mm. in length. Genital pores were not observed. In several 
specimens, the terminal proglottids contained large thin-shelled eggs with 
embryonal hooks about 0-021 mm. long. The inner or perhaps middle membrane 
was shrunken or folded. 

As far as it goes, this description agrees almost exactly with the present 
observations. Since Krabbe (1869) did not describe the internal anatomy of 
T. passeris it would be impossible to prove that the writer’s material represents 
a different species. For these reasons, the present material is identified as 
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Hymenolepis passeris (Gmelin, 1790) (=Taenia fringillarum Rudolphi, 
1810). 

The most characteristic feature of this species is the lobed nature of the 
ovary. In other species, the ovaries are neither as extensively lobed nor as 
compact. The large seminal receptacle is more prominent in Hymenolepis 
passeris than in other species of Hymenolepis from avian hosts. It persists even 
in the most mature segments, although it occupies much less space than in 
younger proglottids. 

It has been noted already that Fuhrmann (19086, 1932) has cited Aplo- 
paraksis fringillarum (Rud.), as described by von Linstow (1904), as a synonym 
of Hymenolepis fringillarum, stating that von Linstow was in error in referring 
this species to the genus Aploparaksis. A comparison of the writer’s observa- 
tions with the descriptions of Krabbe (1869) and von Linstow (1879) shows that 
the writer’s material agrees more closely with Krabbe’s description than does 
von Linstow’s account. Since the latter worker stated clearly that the pro- 
glottids of his specimens were monorchid, it is obvious that his description is 
not that of Hymenolepis fringillarum but of a species of Haploparaxis. For this 
species the writer proposes the name Haploparazis linstowi. 

(2) Choanotaenia passerina (Fuhrmann, 1908a@) provis (Figs. 8-13). 

Host. Passer domesticus. 

Locality. Lafayette, Indiana. 

Percentage infection: 3-5. 

Of the seventeen birds which were infected with cestodes, seven harboured 
a species which is provisionally identified as Choanotaenia passerina (Fuhr- 
mann). These parasites were lodged singly far towards the anterior part of the 
intestine. They were imbedded deeply in the host’s tissue, and an average of 
six worms were recovered from each infected bird. Most of the cestodes were 
quite mature, and detached segments were found in the posterior part of the 
intestine. Very few lesions attributable to the parasites were noted. 

The strobila averages 80-85 mm. in length. Since the final segments are 
gravid, the worms are considered to be mature. The proglottids are longer 
than wide and when ripe (Fig. 12) average 1-6 by 0-66 mm. The scolex (Fig. 8) 
has an average diameter of 0-176 mm. and is provided with four unarmed 
suckers measuring 0-065 mm. in diameter. The retractile rostellum bears a 
single row of fifteen hooks (Fig. 9) each of which measures 0-019 mm. in length. 
The rostellum measures 0-048 mm. in length by 0-023 mm. in width. It fills 
about one-half of the pouch-like receptacle into which it may be retracted. 

Segmentation starts at a point 0-38 mm. from the tip of the rostellum where 
the strobila is very narrow (0-097 mm.). It gradually broadens, attaining a 
maximum width in the ripe proglottids. The genital openings are irregularly 
alternating. In the mature proglottids they appear about one-fourth the length 
of the proglottids from their anterior borders. 

The ventral longitudinal excretory vessels (Figs. 10, 11, 12, e) average 
0-04 mm, in width in the mature segments, Connecting vessels in the posterior 


KENNETH E. KINTNER 











354 Cestode Parasites of English Sparrows in Indiana 


part of the segment are not evident until the proglottids are quite mature. Ata 
level 1 cm. from the tip of the scolex (Fig. 10), the connecting vessels are not 
apparent. However, they are quite readily observed in the mature (Fig. 11) 
and ripe (Fig. 12) segments. 

The testes (Fig. 11, t) are twenty-three to twenty-five in number and range 
from 0-04 to 0-056 mm. in diameter. They lie dorsally in the proglottid and tend 
to fillthe posterior third of the segment. The vas deferens extends anteriorly from 
the vicinity of the testes. It passes above the ovary, then coils several times in 
short loops in the anterior part of the segment where it blends into the cirrus 
pouch. The pouch is 0-245 mm. long by 0-045 mm. wide, and passes between 
the longitudinal excretory vessels. The cirrus is 0-016 mm. long, covered with 
short spines, and lies coiled in the cirrus pouch. It communicates with the 
female reproductive system by way of the common genital atrium. Self- 
copulation has been observed. 

In the mature proglottid (Fig. 11), the extensively lobed ovary occupies the 
median ventral region of the segment between the testes and the genital pore. 
The cluster of lobes is constricted in the centre, while the lateral parts are 
much widened and branched. Each half-cluster measures 0-33 mm. long by 
0-17 mm. wide. 

The yolk gland is situated posterior to the ovary (Fig. 11, v1) and averages 
about 0-11 mm. in width by 0-068 mm. in length. Between the yolk gland and 
the ovary lies the small shell gland which is 0-08 mm. long and 0-05 mm. wide. 
Extending above the shell gland and the ovary is the seminal receptacle which 
gradually widens above the ovary into a carrot-shaped organ. It is 0-14 mm. 
long and 0-07 mm. wide. This is reduced very abruptly to form the narrow 
vagina, which measures 0-20 mm. in length by 0-018 mm. in width. The vagina 
crosses between the longitudinal excretory vessels, opening into the common 
genital atrium. As in other members of this genus, the uterus is replaced by egg 
capsules (Fig. 12, eg; Fig. 13) each containing one to four eggs. The mature 
segments are almost completely filled with egg capsules. 

A mass of germinal tissue appears in the median anterior part of very young 
proglottids of the strobila. Later this material develops into the coiled vas 
deferens which seems to give rise to the testes along its posterior border. The 
seminal receptacle appears almost in the centre of this mass and towards the 
genital pore. Then the ovary develops between the above-mentioned organs. 
The connections between the seminal receptacle and the vitellarium, the 
vagina, and the yolk gland all appear at about the same time and are the last 
structures to develop. 

Although the present species differs in certain respects from both Choano- 
taenia passerina and Paricterotaenia parina as described by various workers, 
the present distinction between these species is so uncertain and variations in 
their descriptions so obvious that a definite indentification of the present 
material is impossible. It is not apparent to what extent morphological varia- 
tions may occur in these species. The nature of the uterus may depend on the 
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age of the proglottid, the uterus being successively sacciform, lobulated and 
finally dispersed to form distinct egg capsules. The length and breadth of all or 
many portions of the strobila depend to a certain extent on the degree of body 
contraction. When the rostellum is partly or completely retracted, its hooks 
may be crowded together in such a manner that the number of rows cannot 
be observed accurately. Table I shows certain variations in the descriptions of 
Choanotaenia passerina and Paricterotaenia parina as reported by the workers 


indicated. 
Table I 
Unnamed 
species 
P. parina P. parina P.parina_ P. parina C. passerina C. passerina Stunkard C. passerina 
Krabbe Clerc Meggitt Linton Fuhrmann Johnston & Milford  provis of 
(1869) (19065) (1916) (1927) (1908) (1909) (1937) the writer 

Scolex, width —~ 0-2 0:14-0:22 0-16-0-24 0-16 0-15-0-17 0-136-0-153 0-176 
Suckers, diameter — ~- 0-075 0-1 0-07 0-08 0-055-0-06 0-065 
Rostellum, length —_— — 0-185 — — 0-11 0-105 0-048 
Rostellum, diameter — _ 0-085 —_— —_— 0-02-0-08 0-05 (max.) 0-023 
Hooks, no. and 17 20 -- 20 ? Approx. 20 Approx. 20 15 
arrangement 1 row 2 rows — ? 2 rows 2 rows —_ 1 row 
Hooks, length 0-015-0-17 0-018-0-02 — 0-015 0-014-0-016 0-016-0-018 0-016 0-019 
Testes, diameter — — — — 0-05 0-05 0-075 (av.) 0-04-0-056 
Cirrus-sac, length -- _ - - 0-19 0-17-0:2 0-195 (av.) 0-245 
Cirrus-sac, width - — - ~ a 0-04 0-036 (av.) 0-045 
Ovary, width - — — - 0-34 0-18-0:22 0-39 (av.) 0-34 
Vitelline gland, — — _— _ — 0:04-0:06 0-067 (av.) 0-068 
length 

Vitelline gland, --- ~ _ — i 0-05-0-08 0-11 (av.) 0-11 
width 

Hexacanth, diameter - -— — 0-03 0-025 0-024 0-026 — 
Hooks, length — 0-016 —_ 0-018 0-014 _ 0-014 — 


The form of the uterus appears to be the chief difference between Choano- 
taenia passerina and Paricterotaenia parina and the observations of Stunkard & 
Milford (1937) indicate that even this apparent distinction may be invalid. In 
the writer’s material, however, the uterus seems to break up into distinct egg 
capsules and for this reason the species at hand is tentatively identified as 
Choanotaenia passerina (Fuhrmann, 1908). 

(3) Anonchotaenia globata (von Linstow, 1879). 

Host. Passer domesticus. 

Locality. Lafayette, Indiana. 

Percentage infection: 2-5. 

Of the seventeen birds infected with cestodes, five harboured Anonchotaenia 
globata. The specimens were found coiled in a large mass in the anterior part of 
the intestine and were so knotted together that in some cases it was difficult to 
untangle them without injuring the worms. 

The present study permits little to be added to the excellent descriptions of 
this species given by Fuhrmann (1908c) and Ransom (1909). A great deal of 
difficulty was encountered in staining these worms so that the internal anatomy 
was not readily observed. 

There has been some discussion concerning strobilization in this species. 
According to Fuhrmann (1908c) it begins 0-6-5 mm. from the scolex. In the 
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writer’s specimens, the formation of segments starts immediately back of the 
scolex. 

The worms are 20-30 mm. long, and the rounded scolex measures 0-5- 
0-6 mm. in diameter. These measurements agree almost exactly with those of 
Ransom (1909) for Anonchotaenia globata. 

In all the specimens stained, only the cirrus pouch, genital opening, uterus, 
and par uterine organ have been seen. No eggs could be distinguished in any of 
the specimens. The uterus always appears to lie away from the genital pore, 
while the par uterine organ is situated nearer it. These two structures always lie 
diagonally in the mature segments, but in the immature segments, they may 
lie parallel to the transverse axis of the proglottid, as described by Fuhrmann 
(1908c). 

SUMMARY 


One hundred and ninety-seven English sparrows collected in the vicinity of 
Lafayette, Indiana, have been examined for cestode parasites. The species 
recovered and incidences of infection are as follows: Hymenolepis passeris 
(Gmelin), 2-5 °% ; Choanotaenia passerina (Fuhrmann) provis, 3-5 % ; Anoncho- 
taenia globata (von Linstow), 2-5°%. Of these, Hymenolepis passeris is reported 
for the first time from North America. The name Haploparazis linstowi is 
proposed for Aploparaksis fringillarum von Linstow nec Rudolphi. Additions 
are made to the present descriptions of the species observed. 
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INTRODUCTION 


THs paper deals with the species of the commonest genus of the American 
Streblidae. The descriptions of the species were made from specimens mounted 
on slides, in Canada balsam. Here I wish to point out again that spirit pre- 
served specimens are unsuitable for the study of these Diptera. These specimens 
do not show clearly the details of the structure of some sclerotized parts, and 
especially the arrangement of the small setae on the thorax, which in some 
cases, are the only reliable characters for the separation of the species. The 
study of unmounted specimens of these Diptera may easily lead to incorrect 
identification, or to the increase of undesirable synonyms. 

The figures illustrating this paper were drawn with the aid of a camera 
lucida and their dimensions were checked with an ocular micrometer. 
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The material was studied from the collections of three Museums and some 
from private collections. I take this opportunity to express my thanks to 
the following gentlemen for lending it to me: Dr F. W. Edwards and Dr J. 
Smart, of the British Museum, Natural History; Dr J. C. Bequaert, of the 
Harvard University Medical School, for two paratypes of T'richobius hirsu- 
tulus; Dr C. H. Curran, of the American Museum of Natural History, for the 
paratypes of 7. uniformis, T. blandus, T. sparsus and Kesselia pallida; Dr 
G. F. Ferris, of Stanford University, California, for his entire collection of 
Trichobius; and Dr R. W. Macy, of St Thomas College, Minneapolis, U.S.A., 
for many specimens of 7’. corynorhini and of T. major. I also express my 
thanks to Mr R. W. Hayman, of the British Museum, Natural History, for 
checking my list of the bats and their geographical distributions. 


SOME REMARKS ON THE MORPHOLOGY OF THE GENUS 


Although the general morphology of the Streblidae has already been given 
in my two earlier papers (1934, 1936) it is briefly described here for the better 
understanding of the genus and the classification of its species. 

The genus Trichobius includes the most generalized species of the New 
World Streblidae, some of which resemble in their general structure the 
species of the genus Nycteribosca of the Old World. While the head of Nycteri- 
bosca has still retained almost the same structure as that of the head of the 
Diptera Acalypterae, the head of the genus Trichobius has become modified 
towards the type which is characteristic of all the other American genera. 
Upon the structure of the head and some other characters, the American 
Streblidae were separated by me (1936) from the Nycteriboscinae of the Old 
World, and classified into two subfamilies: (1) Trichobiinae and (2) Streblinae. 

The head of different species of this genus shows different degrees of 
modification. Thus, in the most generalized ones (Fig. 1 A), the dorsal surface 
of the head has two elevations in the region of the vertex which are separated 
from each other by a very shallow depression along the median line. A further 
modification is present in 7’. hirsutulus and T. phyllostomae (Figs. 3 and 7 A), 
in which the posterior parts of each elevation have become oval-shaped and 
partly separated by a very shallow depression from the anterior parts. In the 
most specialized species these four subregions of the dorsal surface of the head 
have become completely separated by a narrow membrane from each other 
and more strongly sclerotized (Figs. 10-13). Of these subregions, the two 
anterior ones have become flat and triangular, while the posterior ones, which 
correspond to the oval elevations of 7. hirsutulus and T. phyllostomae, have 
retained more or less their convexity. The species with the last described 
structure of the head have shorter and stronger legs than the other species, 
and therefore, the character of the head can be accepted as the best for the 
primary subdivision of the species. 

Another useful character is present in the labium (Fig. 1 B), which is 
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composed of the theca (Th.) and the labella (/.). The form of the theca and its 
chaetotaxy are different in different species, and there is also a difference in 
the length of the theca with regard to that of the labella. The palps are flat, 
oval or rounded. Their dorsal surface is bare, whereas the ventral one is very 
setose. They bear long or short marginal setae, of which the terminal one is 
always the longest. In some species their anterior margin is irregular. The 
antennae are two-segmented. The second segment is ovoid and lies in the 
cavity of the first segment. It bears the arista which has branches in its distal 
half. The branching of the arista varies in the different species, but I have not 
studied this character in detail, in all of them. 

The eyes occupy a lateral position in the head, each of them lies between 
the latero-vertex, i.e. the anterior elevated, or sclerotized part of the head, 
and the postgena. With the exception of the eyes of 7’. caecus, they are formed 
of facets, the number of which may vary in the same species. 

The thorax is broader than long, with the exception of 7’. pallidus, in which 
it is as long as broad. The mesonotum is convex, or flattened. It is formed by 
the prescutum, the scutum and the rhomboid scutellum. Laterally the pre- 
scutum is separated by a narrow membrane from the mesopleurae (mes.), 
which merge ventrally into the sternopleurae (Fig. 6 A, st.). The sternopleurae 
occupy the greatest part of the ventral surface of the thorax, which is flat. 
Posteriorly they are separated by a A-shaped suture from the pleurotro- 
chantines, which occupy the most posterior part of the ventral surface. The 
anterior border of the prescutum varies greatly: in some species it is almost 
straight and forms an angle in the humeral parts of the thorax; in others it is 
rounded. From the middle of the anterior border of the prescutum arises the 
median suture, which in some species is short, whereas in others it is connected 
with the mesonotal suture. The chaetotaxy of the prescutum, the scutum and 
the scutellum is of importance, but it is only possible to see distinctly the 
arrangement of very minute setae in cleared specimens. In the most posterior 
part of the thorax there are three convex projections. Two of these pro- 
jections, which lie laterally to the scutellum, are the metapleurae (met.), and 
the middle one, which projects behind the scutellum, is the mesopostnotum 
(mspn.). 

As regards the structure of the legs, it has already been pointed out that 
in the species which have the dorsal surface of the head subdivided into sub- 
regions, they are shorter and stronger than in those in which the dorsal surface 
is not subdivided. The legs of 7’. hirsutulus and 7. phyllostomae are structurally 
intermediate between the other two. 

The wings do not differ in their structure from those of the other American 
genera in which they are well developed. They have six longitudinal and three 
cross-veins. The subcostal vein is absent, but the humeral vein is present, 
though it is not always very distinct. The costal vein extends along the wing 
margin as far as the third longitudinal vein. This is one of the characters of 
the American Streblidae, since in nearly all the Old World species this vein 
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extends to the fourth longitudinal vein. The first three longitudinal veins 
correspond respectively to the radius Rl, R2+3 and R4+5 (Fig. 1 C). The 
fourth longitudinal vein is the median M1+2. Between this vein and the 
third longitudinal there is the first cross-vein, which corresponds to the 
anterior cross-vein (7-m) of the other Diptera. It separates the first basal cell 
from the submarginal. The fifth longitudinal vein (M4+Cw1) is formed by 
the fourth median and the first cubital vein. Between this vein and the fourth 
longitudinal one there is the second cross-vein (M3+4), which corresponds to 
the posterior cross-vein of the other Diptera. It separates the discal cell from 
the second posterior cell. The sixth longitudinal vein is the first anal vein 
(Fig. 1 A). The second anal vein (Fig. 2 A) is represented by a very small 
vestige in the basal part of the wing. The homology of the third cross-vein is 
not clear, it is quite possible that this vein represents a part of the cubital vein. 
It separates the elongated anal cell from the third posterior cell. In 7’. cory- 
norhint and especially in 7. sparsus this cross-vein is inclined towards the 
base of the wing. Arising from the posterior part of the base of the wing is 
the calipteron (ca.), which represents the modified and sclerotized squama. It 
bears three long setae, except in 7’. corynorhini, T. major and T. hirsutulus, in 
which it is more setose. 

The abdomen is membranous: its size is determined by the engorgement 
of the specimen, and in the females also by the developing larva. Therefore, 
with the exception of some sclerotized parts, the form of the abdomen has not 
been used in the description of the species. The ventral and the lateral surfaces 
of the abdomen bear numerous small setae, but its dorsum, as in all the other 
Streblidae which have well-developed wings, is naked, except in 7. hirsutulus 
and partly in 7. caecus and 7’. pallidus. The basal part of the dorsum has an 
irregular, sclerotized plate (tr 1+ 2). This plate, as in all the other Cyclorrhapha, 
is formed by the fusion of the first and the second tergites. In its middle 
part it has two patches of setulae and in its lateral rounded parts it bears many 
very strong setae. In the species of this genus the first sternite is not quite 
distinct, whereas the second sternite is represented by a large, sclerotized, 
more or less triangular plate which usually bears stronger setae than the rest 
of the ventral surface of the abdomen. 

The abdomen of the female ends in an apical cone (ap.c.) which has a 
different form in the different species; in some it is very strongly sclerotized 
Close to the base of this cone there are present two sclerotized abdominai 
plates (a.p.). They represent parts of one of the posterior sternites of the 
abdomen. Their position depends upon the state of the abdomen of the 
specimen; in the gravid female they occupy a ventral position. As the form 
and the chaetotaxy of these plates differ greatly, their character is very useful 
for the separation of the females of the different species. 

The males are usually smaller than the females, from which they differ by 
the structure of the posterior end of the abdomen, which ends in a large, 
sclerotized, conical, or hemispherical hypopygium (Fig. 1 D, hyp.). In the 








362 A revision of the species of the genus Trichobius 


middle of the ventral part of the hypopygium there are present a rounded, or 
slit-like genital opening, through which usually protrude two claspers (cl.) 
and the cedeagus (a@d.) which is strongly sclerotized and pointed at the end. 
Inside the abdomen these parts of the genitalia are attached to two apodemes, 
which in some species have a good diagnostic value. In the most posterior 
part of the ventral surface of the abdomen of the male there is a vestige of 
one of the posterior sternites. In some species this sternite is represented by 
a single plate, whereas in others it is divided into two plates. The posterior 
margin of these plates is usually fringed with long setae. 


THE SYNONYMY AND THE DEFINITION OF THE GENUS 


The genotype was originally described by Gervais (1844) as Trichobius 
parasiticus. Speiser (1900) included into the synonymy of this species Strebla 
wiedemani Kolenati, for which Rondani (1878) created a new genus Kolenatia. 
It is quite clear from the description and the figure of Kolenati (1863) that the 
specimen described by him as Strebla wiedemani was Trichobius. But from the 
same description and that of Rondani, it is impossible to establish the identity 
of the form with that of Gervais, or with any other forms known at present. 

The genus Kesselia of Curran (1934) should be considered another synonym 
of Trichobius, as it does not-differ structurally from the latter. The absence of 
the cross-veins in the wings of this genus, as described by its author, was due 
to the study of spirit preserved specimens. My examination of the mounted 
wings of the two paratypes revealed the presence of these veins. 

The genus Trichobius is related structurally to the following two American 
genera: Speiseria Kessel (1925) and Paratrichobius Costa Lima (1921). These 
two genera are very closely related to each other. They can easily be separated 
from the genus Trichobius by the structure of the anterior part of their sterno- 
pleurae, which is distinctly produced between the front coxae and partly 
conceals them ventrally. Their posterior legs are strongly elongated, especially 
in Paratrichobius. The coxae of these legs are not uniformly setose as those of 
Trichobius, but bear strong spine-like setae along their inner parts. Of these 
two genera, Speiseria represents morphologically a connecting link between 
Trichobius and Paratrichobius. In the structure of its mesonotum, and the 
anterior and the middle legs it resembles T’richobius, whereas in the structure 
of the head and the posterior legs it is like Paratrichobius. 


Trichobius Gervais, 1844 


Strebla Kolenati, 1863 (nec. Wiedeman, 1824) 
Kolenatia Rondani, 1878 
Kessellia Curran, 1934 

Dorsal surface of head either not subdivided or subdivided into four 
sclerotized subregions, or with two oval elevations in the posterior part; eyes 
faceted, except in 7’. caecus; palps flat, rounded or oval. Thorax as broad as 
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or broader than long; mesonotum convex or flattened, its anterior margin 
rounded or transverse. Legs normal or short and strong, the posterior ones 
never elongated and without spine-like setae on the inner part of their coxae. 
Wings with six longitudinal veins and three cross-veins. The greater part of 
the dorsum of the abdomen naked, except in 7. hirsutulus and partly in T. 
caecus and T. pallidus. ’ 


GEOGRAPHICAL DISTRIBUTION OF THE GENUS AND THE RELATIONSHIP 
OF ITS SPECIES TO HOSTS 


According to the geographical distribution, the species of the genus can 
be divided into two groups. One group will include 7. corynorhini and T. 
major, which occur in the southern part of the Nearctic region. The distribution 
of 7’. corynorhini extends from Oklahoma through Colorado as far as 40° N. 
in Utah and about 37° N. in California; southward it extends as far as 21° N. 
in Mexico. The distribution of 7. major extends from Arizona to Florida, and 
from Kansas to southern Texas. Both species more or less closely follow the 
distribution of their hosts, which belong to the different species of Vesper- 
tileonidae, and both of them may occur together on the same individual bat 
(Table I). 

To the second group belong all the other species of the genus, which occur 
exclusively in the Neotropical region. Of these, the commonest species, such 
as T. parasiticus, T. blandus and T. dugesii have a very wide distribution. 
They have been recorded from the West Indies, Mexico and from different 
parts of Brazil. The first named species has also been recorded from Peru. 
As regards the distribution of the other Neotropical species, it is given at 
the end of the description of each. In brief, it is as follows: T. uniformis, 
Panama and Brazil; 7. sparsus, Panama; 7’. caecus, West Indies and Panama; 
T. truncatus and T. kessela, West Indies; 7. hirsutulus, Tropical Mexico; 
T. phyllostomae, Brazil and British Guiana; 7. pallidus, British Guiana; 
T. perspicillatus and T’. costalimai, Brazil. 

It is quite possible that some of these species have a much wider distri- 
bution than that known at present, because some of their hosts are widely 
spread in Tropical South America. For instance, 7’. sparsus has been recorded 
from Panama only, but its host, Chilonycteris rubiginosa rubiginosa is present 
in Central and Tropical South America. 7’. pallidus has been recorded from 
British Guiana, whereas its host, Furipterus horrens is widely distributed in 
Tropical South America. On the other hand, the distribution of 7. hirsutulus 
corresponds to that of its host, which is confined to the Tropical zone in 
Mexico. The genus extends southwards as far as Sao Paulo, Brazil, but how 
far it is distributed in the Western parts of South America, is not known. 
There is no record of any Streblidae from the tropical and subtropical parts of 
Chile and Argentina. 

Table I shows that Trichobius parasitizes bats belonging to six families of 
Chiroptera. Some species of the genus are restricted to the bats belonging to 
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Table I. Showing the species of bats on which the species of the 
genus Trichobius have been found 


Species of the genus T'richobius 





5 


T’. corynorhjni 
sparsus 

T’. phyllostomae 

T. kessele 
uniformis 


major 
T.. hirsutulus 
T. pallidus 

T. truncatus 
cf 

T’. parasiticus 
T. dugesii 

T. blandus 


T. caecus 
T 


2 gs 


PHYLLOSTOMIDAE: 
Artibeus jamaicensis jamaicensis Leach 
A. jamaicensis parvipes Rehn. 
A. jamaicensis yucatanicus Allen 
Carollia perspicillata azteca de Saussure , 
Chilonycteris rubiginosa rubiginosa Wagner . . . + . + 
Enchistenes harti Thomas ‘ 
Glossophaga soricina Pallas pile rar & mw  & at ™ 
Lonchophyllia rubosta Miller a oe ae to an ee oe ee 
Phyllonycteris poeyi Gundlach a ae ae ee ey ee ee 
Phyllostomus hastatus hastatus Pallas Ss wis Bike gS 
P. hastatus panamensis Allen ne, ol . = & 
Pteronotus davyi Gray ie oc = 


DESMODONTIDAE: 


Desmodus rotundus rotundus Geoffroy 
D. rotundus murinus Wagner 
Diphyllia centralis Thomas 


+++4++4 


+ 


FURIPTERIDAE: 

Furipterus horrens Cuvier Ses e « © 
NATALIDAE: 

Natalus stramineus Gray a ae ae 
VESPERTILIONIDAE: 

Antrozous sp. 

Corynorhinus macrotis macrotis Le Conte 

C. macrotis pallescens Miller 

C. rafinescuii pallescens Miller 

Myotis austroriparius Roads . + 

M. dominicensis Miller ‘ 

M. evotis Allen + . 

M. incautus Allen . + 

M. nigricans nigricans Wied. a a 

M. nigricans extremus Miller & Allen bts oe 

M. velifer Allen - + 
MOLOsSsIDAE: 

Tadarida antillularum Miller cme ¢ *« & HH * & 


T. bahamensis Rehn. i oe et & em Oe 
Colony of Molossus obscurus Geoffroy a ee a ee ee 


++++ 


one family, while others occur on species of bats of two different families. Thus, 
T. sparsus, T. uniformis, T. dugesit and T. blandus are restricted to Phyllo- 
stomidae, and 7. corynorhini, T. major and T. hirsutulus to Vespertilionidae. 
T’. dugesvi parasitize five species and two subspecies of bats which belong to 
five different genera. Such species as 7’. caecus, T. phyllostomae, T. kessele 
and 7’. parasiticus parasitize the bats of two families of Chiroptera. The bats 
with a wide geographical distribution are parasitized by more than one 
species. For instance, Chilonycteris rubiginosa rubiginosa and Glossophaga 
soricina occur in Central America and in Tropical South America, and each 
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of them is parasitized by three species of the genus. Besides, many hosts of 
Trichobius, especially those which belong to Phyllostomidae and Desmo- 
dontidae, can harbour species of other genera of Streblidae. 


KEY TO THE SPECIES 


- Dorsal surface of head either not subdivided into sclerotized subregions (Fig. 1), 


or with only two oval elevations in the posterior part (Fig.3) .  . 2 
Dorsal surface of head subdivided into four sclerotized subregions (Figs. 10- 13) 10 


. Median suture of prescutum distinctly connected with mesonotal suture . . 3 


Median suture of prescutum either indistinctly connected with mesonotal suture, 
ues ss OS Ck. Oe OE Ba ae 5 


. Posterior part of dorsal surface of head without two oval elevations; dorsum of 


abdomen without setae; flies 2-5-3-5mm.long. . . . . . =~ . “t 
Posterior part of dorsal surface of head with two oval elevations; dorsum of 
abdomen bearing setae; mesonotum densely covered with uniform setae, nine or 
ten long scutellars; very setose flies, 2-0-2-3 mm. long (Fig.3) TT. hirsutulus Bequaert. 


. Setae uniformly distributed over mesonotum, four scutellars (Fig. 1) 


T. corynorhini Cockerell. 
Setae more dense in the middle of mesonotum, eight scutellars (Fig. 2) 
T. major Coquillett. 


- Median suture of prescutum tapering posteriorly. , , . , : ‘ 7 
Median suture of prescutum bifurcated. a ee ee ae " 6 
. Branches of bifurcation short; eyes not faceted (Fig. 4) T. caecus Edwards. 
Each branch of bifurcation extending as a lightly pigmented, curved line to 
the lateral borders of the prescutum; eyes faceted (Fig. 5) T. pallidus Curran. 
. Antero-lateral margins of mesonotum angular; flies 2-4-2-5 mm. long . ‘ : 8 
Antero-lateral margins of mesonotum rounded; flies 2-3 mm.orsmaller . . 9 


. Posterior part of dorsal surface of head without two oval elevations; third cross- 


vein distinctly inclined basally, forming an angle of 55 degrees with fifth longi- 
tudinal vein; middle part of prescutum and anterior part of scutum bare (Fig. 6) 
T. sparsus Kessel. 
Posterior part of dorsal surface of head with two oval elevations; third cross-vein 
forming an angle of 90 degrees with fifth longitudinal vein; posterior part of 
prescutum and anterior part of scutum with many small setae (Fig. 7) 
T. phyllostomae Kessel. 


. Theca (th.) of labium pyriform, labella shorter than the theca; scutum and 


posterior third of prescutum bearing minute setae, four long setae in front of the 


scutellum (Fig. 8) T. kesselee sp.n. 
Theca of labium cordiform, labella longer than the theca; scutum with two 
patches of minute setae in front of the scutellum (Fig. 9) T. truncatus Kessel. 


. Median suture of prescutum not connected with mesonotal suture; prescutum 


with strong setae in the anterior part and very small setae in the posterior part 11 


Median suture of prescutum connected with mesonotal suture ; prescutum, scutum 
and anterior part of scutellum bearing uniform setae (Fig. 10) TT. uniformis Curran. 
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11. Scutum and posterior part of prescutum with many very small setae which 
merge more or less gradually into the strong setae of the anterior part of pre- 
ae SO ee eae ee ee ee 


Prescutum with strong setae in the anterior part and a row of very small setae 
in front of the mesonotal suture, scutum with minute setae very close to the 


scutellum (Fig. 11) T. parasiticus Gervais. 
12. One or two long setae in front of the lateral parts of scutellum; flies 1-8-2-2 mm. 

long (Fig. 12) T. dugesii Townsend. 

A row of moderately long setae in front of the scutellum; flies 1-2—-1-7 mm. 

long (Fig. 13) T. blandus Curran. 


Trichobius corynorhini Cockerell, 1910 (Fig. 1) 
Trichobius major quadrisetosus Kessel, 1925. 


Very many specimens of this fly were examined and compared with the 
type specimen of 7. major quadrisetosus Kessel. It has been found that this 
variety agrees with this species in all the detail of its structure, and therefore 
should be regarded as the same species. In general structure 7. corynorhini 
resembles 7’. major, from which it can be separated by the presence of only 
four scutellar setae, the chaetotaxy of its mesonotum, which bears uniform 
setae, and also by the structure of the fifth longitudinal vein, which is straight 
near the third cross-vein. 

Body 2-5 and 3-3 mm. in male and female respectively. Dorsal surface 
of head not subdivided into subregions, with many long setae; eyes slightly 
projecting beyond the lateral margin of the head; palps oval. Labella shorter 
than the theca, the latter conical, longer than broad, with many setae. 

Thorax rounded, slightly broader than long; median suture connected 
with mesonotal suture; prescutum and scutum bear many uniform setae, 
scutellum with four scutellar setae; sternopleurae bear many very small setae, 
which are about as long as the distance between them, in the lateral parts the 
setae become gradually much longer; posterior parts of pleurotrochantines 
produced to a pointed process, their surface bears the same type of setae as 
the sternopleurae. Legs long, femora with very many thin long setae. 

Wings 3-5-4-0 mm., three times as long as broad; first basal cell widest 
near the first cross-vein, fifth longitudinal vein straight just before the third 
cross-vein; discal cell not enlarged in its distal part. 

Abdominal plates project strongly posteriorly, forming distinct processes 
which bear long, strong setae. Apical cone of abdomen (Fig. 1 A, ap.c.) 
strongly sclerotized, projecting beyond the abdominal plates and bearing two 
long dorsal setae. Ventral surface of abdomen of male showing traces of 
segmentation, and having two sclerotized plates in front of the hypopygium; 
the latter conical and bearing many strong setae, its lateral surfaces bare. 

The type specimen was recorded from Corynorhinus macrotis Le Coute, 
from Colorado. The specimens of this species were also recorded from Coryno- 
rhinus macrotis pallescens Miller, from Boulder Country, Colorado, at 7000 ft. ; 
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from Corynorhinus rafinescuii pallescens Miller, from Bat Cave, Aetna, Kansas; 
from Myotis evotis Allen, from Utah; from unknown host, in Woodward 
Country, Oklahoma; from Antrozous sp. in California; and from C. macrotis 
pallescens Miller, from Guanajuato, Mexico. 
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Fig. 1. Trichobius corynorhini Cockerell. A, dorsal view of female; B, labium, (I.) labella, 
(th.) theca; C, wing; D, ventral view of posterior end of abdomen of male. 
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368 
Trichobius major Coquillett, 1899 (Fig. 2) 
This species was redescribed and figured by Brues (1904). It differs from 
T. corynorhini in having eight scutellar setae, in chaetotaxy of the mesonotum, 
which bears very many small setae in the middle and much longer setae 
laterally, and in the structure of the fifth longitudinal vein, which is distinctly 


curved near the third cross-vein 
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Trichobius major Coquillett. A, labium; B, dorsal view of head and thorax of female; 


C, posterior end of abdomen of same; D, wing. 


Fig. 2. 

Body 3-2 and 3-5 mm. long in male and female respectively. Dorsal surface 
of head not subdivided into distinct subregions, with long setae; eyes not 
projecting beyond the lateral margin of the head; palps oval. Labella of 

labium much shorter than the theca, the latter pyriform, with long setae. 
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Thorax rounded, broader than long; median suture connected with meso- 
notal suture; prescutum and scutum with very many small setae in the middle 
and much longer ones in their lateral parts, scutellum with eight scutellar 
setae, mesopostnotum very broadly rounded; sternopleurae and pleurotro- 
chantines bear numerous small setae, which become gradually much longer in 
the lateral parts of sternopleurae; posterior border of pleurotrochantines 
pointed in the middle. Legs have no distinctive character, they resemble those 
of T. corynorhini. 

Wings 3-7-4-1 mm., slightly less than three times as long as broad; distal 
part of first basal cell slightly narrowing near the first cross-vein, discal cell 
slightly enlarged in its distal part, fifth longitudinal vein distinctly curved near 
the third cross-vein. 

Lateral part of each abdominal plate of female bent dorsally, and bearing 
short, spine-like setae along the dorsal margin and many long setae in the 
posterolateral parts. The apical cone of the abdomen is shown in Fig. 2 C; 
its dorsal part bears a few thin, long and several very small setae. Abdominal 
plates of male narrow; hypopygium conical, broad basally, its chaetotaxy 
resembles that of 7’. corynorhini. 

This species was recorded from an unknown host in Arizona; from Myotis 
incautus Allen, in Texas; from Myotis austroriparius Rhoads, in Florida; from 
Myotis velifer Allen, in Kansas; and from Corynorhinus rafinesquii pallescens 
Miller, from Bat Cave, Aetna, Kansas. 


Trichobius hirsutulus Bequaert, 1933 (Fig. 3) 


Two paratypes, a male and a female were examined from the collection of 
Dr J. C. Bequaert. 

This very setose species resembles more or less in its general appearance 
the two previous species, from which, however, it can easily be separated by 
the presence of the two oval elevations on the dorsal surface of the head, the 
setose dorsum of the abdomen and by its smaller size. 

Body 2-0 and 2-3 mm. long in male and female respectively. Head funnel- 
shaped when examined from above, with two oval elevations in its dorsal 
part, bearing many long thin setae; eyes not projecting beyond the lateral 
margin of the head; palps as long as broad, their anterior margins bear long, 
thin setae, of which the terminal one is the longest. Theca of labium pyriform, 
labella much shorter than the theca (Fig. 3 B). 

Thorax slightly broader than long, its anterior margin nearly transverse; 
median suture connected with mesonotal suture. Prescutum, scutum and 
anterior part of scutellum bear many uniform setae; scutellum with nine or ten 
long scutellar setae arising close to its posterior border; mesopleurae bear the 
same type of setae as the prescutum. Sternopleurae, pleurotrochantines and 
coxae of hind legs with many very small setae which are about as long as the 
distance between them. Legs strong, dorsal surface of femora with numerous 
long setae. 
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Wings 2-0-2°3 mm., three times as long as broad, the veins are very 
setose. 
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Fig. 3. Trichobius hirsutulus Bequaert. A, dorsal view of female; B, labium; 
C, posterior end of abdomen of male; D, wing. 


Dorsum of abdomen setose, the most posterior setae are the longest and 
arranged in a transverse row. Anterior to this row, there is a bare patch 
bounded anteriorly by a transverse row of long setae. Apical cone of abdomen 
not strongly sclerotized. Abdominal plates small, with long setae in the 
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posterior part. Dorsum of abdomen of male and dorsal surface of hypopygium 
bear numerous very tiny setae. Hypopygium conical, not strongly sclerotized, 


with long setae in its posterior part. 
This species was collected from Myotis nigricanus extremus Miller and 


Allen, in Yocat (Ticul district), Yucatan. 


Trichobius caecus Edwards, 1918 (Fig. 4) 


Several specimens were examined and compared with the type which 
is preserved in the British Museum (Natural History). This species can easily 
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Fig. 4. Trichobius caecus Edwards. A, dorsal view of male; B, labium; 
C, posterior end of abdomen of female. 


be separated from all the others by its non-faceted eyes, and by the median 
suture, which is short and A-shaped. 

Body 1-6mm. Dorsal surface of head elevated in the middle, not sub- 
divided into subregions, with a few strong setae in anterior and lateral parts; 
eyes not faceted; palps oval. Theca of labium pyriform, with many setae, of 
which the anterior ones are very long; labella shorter than the theca. 

Thorax rounded when examined from above, about as long as broad; 


anterior margin of mesonotum rounded, with small emargination in the middle. 


Parasitology xxx 25 
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Prescutum, scutum and mesopleurae bear uniform setae, stronger setae near 
the scutellum, which bears four long scutellar setae; median suture short and 
A-shaped; mesonotal suture straight. Sternopleurae and pleurotrochantines 
with many very small setae. Legs normal; femora of anterior legs with strong 
setae in the postero-dorsal part, those of the posterior legs with strong setae 
in the antero-dorsal part; tibiae of the posterior legs with a very dense, oval 
patch of very minute setae near the distal end. 

Wings 1-7—1-9 mm. long, anal cell broadened in its apical part. 

Abdomen with very small setae in the postero-dorsal part; abdominal 
plates of female bearing a few long setae, broadly rounded and projecting 
laterally. Apical cone of the abdomen large, as long as broad at the base, 
with five long setae arising from its dorsal surface. Abdominal plates of male 
close together, laterally they are rounded and much broader. Hypopygium 
conical, basal edge of its ventral part strongly sclerotized and darkly pigmented. 
Laterally and dorsally the hypopygium bears setae similar to those arising 
from the ventral surface of the abdomen. 

This species was recorded from an unknown host in Trinidad; from 
Pteronotus davyi Gray, in Dominica; from Chilonycteris rubiginosa rubiginosa 
Wagner, from Chilibrillo Caves, Panama; and from Natalus stramineus Gray, 


from Jamaica. 


Trichobius pallidus (Curran, 1934) Jobling (Fig. 5) 
Kesselia pallida, Curran, 1934. 


It has already been pointed out in the description of the genus that Kesselia 
has no generic character by which it can be separated from Trichobius. An 
examination of two paratypes—males—from the collection of the American 
Museum of Natural History showed that this streblid very closely resembles 
T. caecus, from which it can be distinguished by the characters shown in the 
key, and also by its smaller size and the very pale cross-veins of the wings. 

Body 1-3 mm. long. Dorsal surface of head not subdivided into subregions, 
elevated between the eyes, and with a few rather long setae in anterior and 
lateral parts; eyes faceted, projecting beyond the lateral margin of the head; 
palps broad in the distal and narrow in the basal part. Theca of labium 
pyriform, with fewer setae than that of 7. caecus; labella shorter than the 
theca. 

Thorax rounded when examined from above, about as broad as long; 
anterior margin of mesonotum rounded, with a very slight emargination in 
the middle. Prescutum and scutum bearing long, uniform setae; mesopleurae 
bearing very short setae. Median suture of prescutum bifurcated, each branch 
of bifurcation extending as a lightly pigmented, curved line to the lateral 
margin of prescutum; the middle part of the mesonotal suture curved anteriorly. 
Anterior parts of sternopleurae rounded. Legs normal; femora of anterior 
legs with many long setae arising from the posterior parts. Femora of middle 
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and posterior legs with similar setae arising from the anterior parts; tibiae of 
posterior legs with a very dense, oval patch of very minute setae near the 
distal ends. 

Wings 1:3 mm. long; the longitudinal veins darkly pigmented except in 
their basal parts, and nearly all reaching the wing margin; cross-veins very 
pale and not easily distinguishable in unmounted specimens. 

Dorsum of abdomen setose in posterior part. Hypopygium conical, with 
long, thin setae arising from its lateral and dorsal parts. Posterior margin of 
tergite one + two indistinct, its lateral lobes bearing many strong setae. 

This species was collected from Furipterus horrens Cuvier, in Kartabo, 
British Guiana. 
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Fig. 5. Trichobius pallidus Curran. A, dorsal view of body; B, posterior leg; C, wing. 


Trichobius sparsus Kessel, 1925 (Fig. 6) 


One paratype, a female, was examined from the collection of the American 
Museum of Natural History. This species differs from all the others by the 
position of the third cross-vein with regard to the fifth longitudinal vein, with 
which it forms an angle of 55 degrees. It resembles more or less 7’. truncatus, 
but differs from this species by the above-mentioned character and also by the 
structure of the anterior margin of the mesonotum, and more distinctly by 
the structure of the labium. 

Body 2-4 mm. long. Head elevated behind the antennae and also slightly 
near the eyes, these elevations bear strong setae; two strong setae in the 
middle of the dorsal surface. Postgenae with strong setae along their inner 
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edge. Eyes large-faceted, projecting beyond the lateral margin of the head 


Palps oval. Theca of labium triangular, about as long as broad at the base 
labella slightly shorter than the theca. 
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Fig. 6. Trichobius sparsus Kessel. A, ventral view of head and anterior part of sternopleurae (st.) 


B, dorsal view of female; C, wing; D, posterior end of abdomen of female. 


Anterior margin of mesonotum with slight emargination in the middle; 
between this emargination and the antero-lateral corners it is straight. Pre- 
scutum with six very strong setae in the anterior part on each side of the 
median suture; three setae near its lateral margins and one in each postero- 
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lateral corner; in front of the straight mesonotal suture it bears eight very 
minute setae. Median suture straight, extending posteriorly about two-thirds 
of the length of prescutum. Scutum with very small setae in the posterior 
part and a few strong setae in front of the scutellum, which bears four long 
scutellar setae. Sternopleurae and pleurotrochantines bearing many very thin 
setae. Legs long, postero-dorsal part of anterior femora and antero-dorsal 
part of middle and posterior femora with strong setae. 

Wings 2:3 mm. long. Discal cell dilated near the first cross-vein; third 
cross-vein strongly inclined towards the base of the wing, forming an angle of 
55 degrees with fifth longitudinal vein. 

Ventral surface of abdomen bears many very small setae, lateral parts with 
very small spine-like setae. Apical cone of abdomen as in drawing (Fig. 6 
B and D); tergite one+two darkly pigmented, with distinct posterior 
margin; abdominal plates convex and darkly pigmented, with strong long 
setae in their posterior parts and smaller setae in the anterior parts. 

This species was recorded from Chilonycteris rubiginosa rubiginosa Wagner, 
from Chilibrillo River, Panama. 


Trichobius phyllostomae Kessel, 1925 (Fig. 7) 


One type specimen, a female, was examined from the collection of the 
British Museum (Natural History). This species is about the size of 7’. sparsus, 
from which it can be easily separated by the structure of the head, the position 
of the third cross-vein and by the chaetotaxy of the mesonotum. 

Body 2-5 mm. long. Head broad, its dorsal surface with two oval elevations 
which bear strong setae; two strong setae arising from the middle of the head 
and one close to each eye, postero-laterally to each antenna there is a group of 
four setae, of which the innermost is the strongest; eyes large, slightly pro- 
jecting beyond the lateral margin of the head. Palps oval. Theca of labium 
about as long as broad, labella shorter than the theca (Fig. 7 B). 

Thorax slightly broader than long; its anterior margin almost straight 
between the humeral corners and the median suture. Median suture broadens 
near the anterior margin of the thorax, extending posteriorly two-thirds of 
the length of the prescutum. Middle part of mesonotum with many small thin 
setae arising from distinct theca, anterior and lateral parts with much stronger 
setae; prescutum with strong setae near the scutellum. Ventral surface of 
thorax produced between the front coxae, with obtuse apex, it bears many 
small setae which are as long as the distance between them. Legs strong and 
long; femora very setose, the strongest setae of anterior and posterior femora 
arranged in a row. 

Wings 2-4 mm. long, broad; all cross-veins forming angles of 90 degrees 
with longitudinal veins. 

Tergite one+two of abdomen not darkly pigmented, and its posterior 
margin indistinct; ventral and lateral parts of abdomen bearing setae of the 
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same length as those on the ventral surface of the thorax. Apical cone of 
abdomen pointed, with four long setae arising dorsally near its base; in front 
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Fig. 7. Trichobius phyllostomae Kessel. A, dorsal view of female; B, labium; 
C, anterior part of sternopleurae; D, wing. 


of the cone the dorsum of the abdomen bears a few very small and two very 


long setae. Abdominal plates with two long setae, and a few setae of the same 
size as those on the ventral wall of abdomen. 
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From unknown species of bat of the genus Phyllostomus, Humboldt, Brazil; 
from Phyllostomus hastatus Pallas and from a colony of Molossus obscurus 
Geoffroy, from Kartabo, British Guiana. 


Trichobius kesselze sp.n. (Fig. 8) 


Nine specimens were examined; three from the collection of the British 
Museum (Natural History) and six from the collection of Dr G. F. Ferris of 














Fig. 8. Trichobius kessele sp.n. A, labium, (/.) labella, (th.) theca; B, dorsal view of female; 
C, ventral view of posterior end of abdomen of male; D, wing. 


Stanford University, California. Two specimens, a female and a male, from the 
British Museum were designated as the holotype and the allotype respectively, 
all the other specimens were marked as paratypes. 

This new species was described by Kessel (1925) as variety A of 7. trun- 
catus, but it is quite distinct and can easily be separated from 7’. truncatus by 
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the following two characters: its scutum bears many small, more or less 
uniformly distributed setae, whereas in 7’. truncatus these small setae are 
confined to two patches near the scutellum; the theca of its labium is pyriform 
and longer than the labella, but the theca of 7. truncatus is cordiform and 
shorter than the labella. 

Body 2-1 and 1-9 mm. long in female and male respectively. Dorsal surface 
of head not subdivided into subregions; eyes large-faceted; palps large, with 
irregular anterior margin. Theca of labium pyriform and longer than the 
labella (Fig. 8 A). Anterior part of thorax rounded; median suture extending 
posteriorly three-fourths of the length of the prescutum ; prescutum bears strong 
setae in anterior and lateral parts, and many very small setae in posterior 
part; scutum with many very small setae and four strong ones in front of the 
scutellum; mesopostnotum very broadly rounded. Sternopleurae not pro- 
jecting between the anterior coxae, their surface and that of pleurotrochantines 
bearing many very small setae. Legs long, dorsal surface of anterior femora 
with small setae in the anterior part and strong setae in the posterior part, 
the same surfaces of the femora of middle and posterior legs with strong setae 
in the anterior part and small ones in the posterior part. 

Wings 2-0-2-3 mm. long, their venation showing no distinctive character. 

Abdomen with thin, small setae on its ventral surface and very short 
spine-like setae on lateral surfaces; in front of the apical cone the dorsum bears 
slightly stronger setae than those arising from the venter. Apical cone of 
abdomen flat and strongly sclerotized, with three long setae on the basal part 
of its dorsal surface. Hypopygium very broad at the base, projecting ventrally, 
and bearing uniform setae. 

This species was found on Myotis nigricans Wied., from Basin Well, 
Dominica; on Myotis dominicensis Miller, in Dominica; and on Tadarida 
bahamensis Rehn., from Long Island, Bahamas. 


Trichobius truncatus Kessel, 1925 (Fig. 9) 


One type specimen and several paratypes from the British Museum (Natural 
History), and one specimen from the collection of Dr G. F. Ferris were 
examined. The difference of this species from 7’. kessele@, to which it is closely 
related, has already been indicated in the description of the latter. 

Body 2-0 and 23mm. long in male and female respectively. Dorsal 
surface of head not subdivided into subregions; eyes small-faceted; palps 
longer than broad. Theca of labium cordiform, labella longer than the theca. 

Antero-lateral parts of thorax rounded; median suture of prescutum 
extends nearly to the mesonotal suture. Prescutum with strong setae in the 
anterior and the extreme lateral parts, and a few very small setae in front of 
each half of mesonotal suture; scutum with two patches of small setae in 
front of the scutellum; scutellum, sternopleurae and pleurotrochantines pre- 
senting no distinctive character. Legs long; dorsal surface of anterior and 
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middle femora with very small setae in their anterior parts and strong setae 


in their posterior parts, the same surface of the posterior femora with strong 
setae in the anterior part and small setae in the posterior part. 


Wings 1-8-2-0 mm. long, their venation presenting no distinctive character. 
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Fig. 9. Trichobius truncatus Kessel. A, dorsal view of male; B, labium, (th.) thecae, (1.) labella; 


C, wing; D, posterior end of abdomen of female. 


Most posterior part of dorsum of abdomen bears setae of the same size as 
those on the venter. Apical cone of abdomen small, short, with four long dorsal 
setae; abdominal plates small, their posterior margins rounded and bearing a 
few long setae. Hypopygium more or less hemispherical with small uniform 
setae. 
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The species was found on Tadarida antillularum Miller, in Jamaica. It 
was also recorded from bats, from Dominica; and from Bat’s Cave near 
English Harbor, St John’s, Antigua, B.W.I. 


Trichobius uniformis Curran, 1935 (Fig. 10) 


This redescription is based upon the study of two paratypes, a male and a 
female, from the collection of the American Museum of Natural History. 

This small species can be distinguished from all the other species in which 
the dorsal surface of the head is subdivided into four subregions by the 
following two characters: the median suture of the prescutum is connected 
with the mesonotal suture, and the mesonotum bears uniform setae. 
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Fig. 10. Trichobius uniformis Curran. A, labium; B, dorsal view of male; 
C, posterior end of abdomen of female. 


Body 1-4 and 1-7 mm. long in male and female respectively. Head broad, 
its dorsal surface flat and subdivided into four sclerotized subregions which 
bear setae; eyes small, not projecting beyond the lateral margin of head. 
Palps small, as long as broad. Theca of labium longer than broad, with rather 
strong setae, labella shorter than the theca. 

Mesonotum almost flat, its anterior margin nearly straight; median suture 
darkly pigmented and connected with mesonotal suture. Prescutum, scutum 
and anterior part of scutellum with uniform setae, four scutellar setae arising 
near the posterior margin of the scutellum. Legs short and strong; distal half 
of dorsal surface of femora bearing many strong setae. 

Wings 1-3 and 1-5 mm. long in male and female respectively; first three 
longitudinal veins parallel to each other, base of marginal cell broader than 
that of submarginal. 
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Abdomen of female with many small setae arising from ventral and lateral 
surfaces; lobes of tergite one+two with many setae of the same length as 
those on the femora, Apical cone of abdomen cylindrical, with rounded apex. 
Abdominal plates reniform (Fig. 10C). Hypopygium bell-shaped when examined 
from above, with long lateral setae. 

This species was collected by Major L. H. Dunn from Glossophaga soricina 
leachi Gray (Glossophaga soricina leachi Gray=G. soricina Pallas), Paraiso, 
Canal Zone; from Lonchophylla rubosta Miller, Chilibrillo Caves, Panama; 
and from an unknown host, Pernambuco, Brazil. 


Trichobius parasiticus Gervais, 1844 (Fig. 11) 


Trichobius kesseli Guimaraes, 1938. 


The original description of this species is very brief and is as follows: 
“Petit insecte diptére de la famille des Mallophages de Nitzsch, trouvé 
parasite sur une Chauve-Souris de la Guiane appelée Desmodus rufus, n’a pas 
encore été décrit.”” There are three drawings which show the dorsal and the 
ventral views of the insect, and the leg respectively. From the description 
and the figures it is impossible to establish the identity of the form described 
by Gervais, but the name of the host gives a definite clue. Thus, out of eight 
records of this species known at present, two are from Desmodus sp.; three 
from Desmodus rufus Wied. (Desmodus rufus Wied.=Desmodus rotundus 
Geoffroy); one from Desmodus rotundus murinus Wagner; one from Diphyllia 
centralis Thomas; and one from Phyllonicteris poeyi Gundlach. As no other 
species of the genus Trichobius have been found on these species of bats, it 
can be accepted with certainty that the specimens redescribed by Speiser 
(1900) under the name of 7. parasiticus were identical with the form which 
Gervais described under this name. In his redescription of this species Speiser 
pointed out that the longitudinal suture of the prescutum is merely indicated 
anteriorly at the top, and the transverse suture of the mesonotum disappears 
about the middle and is continued only by a row of bristles. After an ex- 
amination of very many specimens I have found that by the last-mentioned 
character this species can be easily separated from all the other members of 
this genus. 

T. kesseli of Guimaraes (1938) I consider as a synonym of 7. parasiticus. 
This author was misled by the redescription of this species by Kessel (1925) 
and by Curran (1935), who, owing to the examination of spirit specimens, 
overlooked the presence of a row of very minute setae near the posterior 
margins of the prescutum, and in their drawings showed the mesonotal suture 
without interruption in the middle. 

Body 1-5 and 1-6 mm. long in male and female respectively. Head broad, 
its subregions distinct, with strong setae; eyes small, not projecting beyond 
lateral margin of head; palps rounded. Theca of labium pyriform, with short 
setae, labella about half the length of the theca. Thorax distinctly broader 
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than long, its mesonotum flat, with straight anterior margin. Median suture 
extending posteriorly one-third of the length of the prescutum. Mesonotal suture 
interrupted in the middle. Prescutum bearing long setae in its anterior and 
lateral parts and a row of very small setae close to the mesonotal suture; 
scutum with tiny setae in front of the scutellum; mesopleurae bearing much 
smaller setae than those on the prescutum. Legs short and strong; dorsal 
surface of femora with strong setae. 

Wings 1-4-1-5 mm. long; their venation presenting no distinctive char- 


acter. 
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Fig. 11. Trichobius parasiticus Gervais. A, labium; B, dorsal view of female; 
C, posterior end of abdomen of male. 


Apical cone of abdomen as long as broad, with four long dorsal setae 
arising from its basal part; abdominal plates small, rounded posteriorly, with 
a few long and many short setae. Hypopygium consists of a ring-shaped 
basal part and a more or less conical apical part, both strongly sclerotized 
and bearing long setae. Posterior sternite of the male abdomen not divided 
into two plates, lightly pigmented and fringed with long setae along the 
posterior margin. 

The species was recorded from Desmodus sp., Brazil; from Vampirus sp.? 
(probably Desmodus sp.), from Peru; from Desmodus rotundus Geoffroy, in 
Guiana and twice in Brazil; from Desmodus rotundus murinus Wagner, in 
Toboga Island, Panama; from Diphylla centralis Thomas, in Yocat, Yucatan; 
and from Phyllonycteris poeyi Gundlach, in Banes, Cuba. 








B. JOBLING 383 


Trichobius dugesii Townsend, 1891 (Fig. 12) 
Trichobius miztus Curran, 1935. 


The species was considered by Speiser synonymous with 7. parasiticus. 
Structurally 7’. dugesii is entirely different from this species, and parasitizes 
other species of bats. Recently Curran described a new species under the 
name of 7. miztus, but the examination of his paratypes showed that they 
were the males of 7. dugesii. The sexes of this species have a slightly different 
chaetotaxy of the mesonotum. 

It can be separated from 7’. parasiticus by the complete mesonotal suture 
and by the presence of many small setae on the scutum and in the posterior 
part of the prescutum. It more or less resembles 7. blandus, from which, 
however, it differs by its larger size, the form of the thorax and by the absence 
of a row of long setae in front of the scutellum. 

Body 1-8-2-0 and 2-2 mm. long in male and female respectively. Subregions 
of head very distinct, with very strong setae; palps rounded, with strong 
terminal setae; eyes large-faceted, projecting slightly beyond the lateral 
margins of the head. Theca of labium as long as broad at the base, with many 
setae in the antero-ventral part, its posterior part produced posteriorly in the 
middle; labella about half the length of the theca. 

Thorax very broad; anterior margin of mesonotum almost straight; median 
suture extending posteriorly half the length of the prescutum; mesonotal 
suture complete. Prescutum bearing strong setae in its anterior and lateral 
parts and many very small setae in the posterior part; scutum with many setae 
of the same size as those on the posterior part of the prescutum, and with one 
or two long setae in front of each lateral part of the scutellum; scutellum with 
usual four long setae. Dorsal parts of mesopleurae broad, with strong setae. 
Apex of anterior part of sternopleurae rounded. Legs very strong; antero- 
dorsal part of anterior and middle femora with small setae, postero-dorsal 
part with strong setae; posterior femora with strong setae arising from the 
middle of their dorsal surface. 

Wings 1-7-2-0 mm. long; their venation presenting no distinctive char- 
acter. 

Tergite one+two darkly pigmented, its lateral lobes bearing many strong 
setae. Apical cone of abdomen as long as broad, with four long, dorsal setae 
arising from its basal part; abdominal plates rounded posteriorly, with long 
setae. Hypopygium and posterior sternite of abdomen of male resembling 
those of 7. parasiticus. Apodeme of claspers flat and broad. 

The type specimen was recorded from Glossophaga soricina Pallas, from 
Mexico. There are numerous records of this common species, therefore, it is 
unnecessary to cite each of them separately. Besides the above-mentioned host 
and locality, it was recorded from Artibius jamaicensis jamaicensis Leach, 
from Porto Rico; from Artibius jamaicensis parvipes Rehn., from several parts 
of Cuba; from Artibius jamaicensis yucatanicus Allen, from Yucatan; from 
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Carollia perspicillata azteca de Saussure, and Chilonycteris rubiginosa rubiginosa 
Wagner, from Panama; and from Phyllostomus hastatus panamensis Allen, 
from the different parts of Panama. There is also one record from an unknown 
bat, from Brazil. 
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Fig. 12. Trichobius dugesii Townsend. A, labium; B, dorsal view of thorax of male; 
C, dorsal view of female; D, wing. 
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Trichobius blandus Curran, 1935 (Fig. 13) 


Some paratypes and many other specimens were examined. The structural 
difference between this species and 7’. dugesii has already been indicated. 

Body 1-2 and 1-7 mm. long in male and female respectively. Subregions 
of dorsal surface of head distinct, with strong setae; eyes not projecting 
beyond the lateral margins of the head; palps rounded. Theca of labium as 
long as broad at the base, its posterior margins straight; labella less than half 
the length of the theca. 
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Fig. 13. T'richobius blandus Curran. A, dorsal view of female; B, ventral view of head and anterior 
part of sterno-pleurae; C, posterior end of abdomen of male (ap.) apodemes. 


Mesonotum flat, its anterior margin transverse; median suture extending 
posteriorly less than half the length of the prescutum; mesonotal suture 
complete. Prescutum bearing strong setae in the anterior and the lateral 
parts and much smaller setae in the posterior part; scutum with many setae of 
the same size as those arising from the posterior part of prescutum, and with a 
row of much longer setae in front of the scutellum; scutellum with usual four 
long setae arising near its posterior margin. Dorsal part of each mesopleura 
narrow, with setae similar to those arising from the lateral parts of prescutum. 
Apical margin of anterior parts of sternopleurae straight. Legs strong, dorsal 
surface of femora bearing strong setae. 
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Wings 1-2-1-4 mm. long, their structure resembles that of the wings of 7. 
dugesit. 

Tergite one+two, abdominal plates and apical cone of abdomen do not 
differ structurally from those of 7. dugesii. Posterior sternite of abdomen of 
male lightly pigmented, its posterior border strongly emarginated in the 
middle. Hypopygium resembling that of 7. dugesii; apodemes of genitalia 
very thin (ap.). 

There are three records of this species from Panama, two from Glossophaga 
soricina leachi Gray (Glossophaga soricina leachi Gray =Glossophaga soricina 
Pallas), and one from Carollia perspicillata azteca de Saussure; one record from 
Enchisthenes harti Thomas, from Trinidad; and one from an unknown bat, 
from Brazil. 


Trichobius perspicillatus Pesséa & Galvao, 1937 (Fig. 14 A) 


The description of this and the following species became known to me after 
this paper was sent to press. As I was unable to see the paper of Pesséa & 





Fig. 14. A, thorax of 7. perspicillatus Pesséa & Galvao; B, same of 
T. costalimai Guimaraes. (After Guimaraes.) 


Galvao (1937), the redescription of 7. perspicillatus was based upon an 
examination of the drawing of the thorax, which is reproduced in the paper of 
Guimaraes (1938). 

This species can be separated from all the others by the chaetotaxy of its 
prescutum, which has one small setae in each antero-lateral part, behind the 
humeral callus, two setae of the same type on each side of the median suture 
and the interrupted row of stronger setae in front of the mesonotal suture. Its 
median suture is connected with the mesonotal suture. From Hemiderma 
perspicillatum L., from Bahia, Brazil. 


Trichobius costalimai Guimardes, 1938 (Fig. 14 B) 


It appears from the original description that the only distinctive character 
by which this species can be separated from the others, is the presence of a 
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patch of very minute setae (about 10) between the posterior end of the median 
suture and the middle part of the mesonotal suture. Thorax longer than 
broad; prescutum with two irregular rows of strong setae in the anterior part, 
and about four setae of different lengths in the postero-lateral parts, close to 
the mesonotal suture; scutum with small setae in the posterior part, and four 
very much longer setae between these and the scutellum. Wings 1-7 mm. 
long. 
From an undetermined bat at Recife, Pernambuco, Brazil. 
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THE DURATION OF PLASMODIUM RELICTUM 
INFECTION IN CANARIES! 


By ANN BISHOP, P. TATE anp MARY VINCENT THORPE 
From the Molteno Institute, University of Cambridge 


WHEN canaries (Serinus canarius) are inoculated with Plasmodium relictum, 
after an incubation period of about 5 days they develop an acute attack of 
malaria which lasts about a week to 10 days. They then pass into a stage of 
chronic infection during which parasites may no longer be found in the peri- 
pheral blood by direct microscopical examination, though the blood usually 
remains infective if inoculated into clean birds. It is generally considered that 
this chronic infection persists throughout the lives of the infected birds but 
there is little experimental evidence for this view. 

Wasielewski (1902) appears to be the first to have proved experimentally 
that chronic infections supervene after the acute attack subsides. He showed 
that blood from birds with chronic infections was infective for clean birds, and 
that rare parasites could be found in the blood of chronic cases 9-11 months 
after infection. In chronically infected birds more parasites were found in the 
heart blood than in the peripheral circulation. Birds inoculated with blood 
from chronic infections sometimes developed only slight attacks, but in other 
cases they developed heavy infections. 

According to Whitmore (1918), the blood of birds with chronic infections 
is infective for clean birds for at least 29 months after inoculation. Sergent & 
Hemp! (1917) found that immunity to reinfection persisted, in four out of 
five canaries tested, for 2} years after inoculation. Moldovan (1912) tested 
six canaries, infected from 2 weeks to 6 months previously, for resistance to 
reinfection and found that five of the birds were resistant, whereas the sixth, 
inoculated 6 months before, developed a heavy infection. The five resistant 
birds all showed parasites in the blood at the time of reinoculation, but no 
parasites were found in the sixth bird which was susceptible to reinfection. 

Mazza (1923) reported a case in which the blood of a canary infected with 
Proteosoma 4 years and 2 months previously produced infection in one of two 
clean canaries when injected intraperitoneally. The blood of two other canaries 
which had been inoculated 3 years and 3.months previously did not produce 
infection in clean birds. The donor birds appear to have become free of their 
chronic infection, because when they were reinoculated they developed attacks 
of malaria equal in severity to those of two control birds inoculated at the 


1 Work done in connexion with investigations on avian malaria carried out for the Chemo- 
therapy Committee of the Medical Research Council, London. 
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same time. This record by Mazza of an infection persisting for 4 years and 
2 months is the longest yet published. 

Manwell (1934) worked with five species of Plasmodium (cathemerium, 
praecox (=relictum), circumflecum, elongatum and rouxi) and showed that 
parasites persist in the host for at least 1-3 years after infection; and also 
that during the chronic stage the parasite level may be too low for micro- 
scopical detection or even for successful subinoculation unless relatively large 
amounts of blood are used. 

In the present paper we report experiments which prove that the blood of 
birds with chronic infections of P. relictum remains infective for clean birds for 
as long as 8 years after the primary inoculation. 


RESULTS 


The birds upon which the following results are based were infected with 
Plasmodium relictum, by intramuscular inoculation of blood, in February 1930, 
and were kept thereafter in a mosquito-proof room. Two strains of P. relictum 
Grassi and Feletti 1891 have been tested for the duration of the chronic in- 
fections. One, strain A, is an Algerian strain obtained from Dr Sergent of 
Algiers; and the other, strain G, is a German strain obtained from the late 
Dr Roehl of Elberfeld. 

The bird, No. 473, infected with the Algerian strain, was inoculated on 
4 February 1930 and was tested for continued chronic infection by sub- 
inoculations into clean birds at intervals during a period extending to 7 years 
and 8 months after the primary inoculation. 

The results, which are shown in Table I, prove that the peripheral blood of 
this bird (blood for the subinoculations was taken from a leg vein) was in- 
fective whenever tested during this period, although the attacks produced in 
the birds subinoculated 7 years and 8 months after the primary infection were 
slight. Other subinoculations made 5 years and 8 months and 7 years and 
2 months after the primary inoculation of No. 473 produced attacks of normal 
severity in both the birds inoculated on each occasion. 

It is also notable that direct microscopical examination of smears of the 
peripheral blood at 7 years and 2 months and 7 years and 8 months revealed 
the presence of scanty parasites. 

One of the birds, No. 2600, inoculated from No. 473 7 years and 8 months 
after infection, developed an attack of slight severity. Blood from it was 
inoculated into a clean bird, No. 2613, on the 13th day and resulted in a slight 
attack. Subinoculations were made from No. 2613 on the 11th day into one 
clean bird, and on the 41st day into two clean birds, but no infection resulted 
in the inoculated birds. However, on the 68th day a comparatively large 
amount of blood (0-2 c.c.) was withdrawn from No. 2613 and injected into a 
clean bird which, after an incubation period of 10 days, developed an attack of 
normal severity. 


26-2 
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Table I. The duration of chronic infections of Plasmodium 
relictum in canaries 





Result of sub- 
Interval Parasites in inoculations 
between peripheral Nos.of =— a ‘ 
Strain primary blood at _—the clean Day Nature 
of P. Bird Date of inoc. and time of birds parasites of malarial 
relictum no. inoculation subinoc. subinoc. inoc. appeared attack 
A 473 = 4.4.30 S yr. 8 mth. e oo : — 
A 473 4.4.30 = 7 yr. 2 mth. 4 {eal [_ = 
A 473 4.ii.30 7 yr. 8 mth. + {3000 = y elight 
G 481 7.ii.30 5S yr. 8 mth. {3124 ; Slight 
9A 9 ‘f ; 
G 481 7.ii.30 7 yr. 11 mth. wo (oe? — Slight 
G 481 7.4.30 Syr.3 mth. + ionnT - Slight 
yr. =years; mth. = months; inoc. =inoculation; V.=very. 


+ =parasites detected in peripheral blood by microscopical examination. 
— =blood not examined microscopically at time of subinoculations. 


These results emphasize the point already stressed by Manwell (1934) 
that great care is necessary in regarding any bird as having recovered com- 
pletely from a malarial infection, as the parasites may be so scanty that, not 
only are they not to be found microscopically, but they may be too few for 
successful subinoculation unless relatively large quantities of blood are used. 

Unfortunately, this bird (No. 473) broke a leg and had to be destroyed in 
October 1937 so that no further tests could be made with it. 

Another bird, No. 481, was originally inoculated with the German strain 
of P. relictum on 7 February 1930, and is still alive at the time of writing. 

From this bird three subinoculations, in each case into two clean birds, 
were made at 5 years and 8 months, 7 years and 11 months, and 8 years and 
3 months, respectively. In each case infections developed in both of the clean 
birds inoculated, although the resulting attacks of malaria were usually slight. 
In one case (No. 2837) a 2nd passage in a clean bird resulted in an attack 
of normal severity, but in another case, bird No. 2642, it was not until the 
5th passage in clean birds that an attack of normal severity developed. 

Rare parasites could be found microscopically in the peripheral blood of 
No. 481 when subinoculations were made 8 years and 3 months after the 
primary inoculation. 


Discussion 


These experiments show that ordinary schizogonic stages of malarial 
parasites may be found in red blood cells in the peripheral circulation for at 
least 8 years and 3 months after the primary inoculation under conditions 
which preclude accidental reinfection, and that the peripheral blood of birds 
with chronic infections remains infective for clean birds for the same period. 
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This indicates that, in the case of P. relictum at any rate, there is no necessity 
to postulate the presence of endothelial stages, regressive schizogony of game- 
tocytes, or any special localization of parasites in the internal organs, to 
explain the duration of chronic infections or to account for relapses. It would 
appear that during the chronic stages of the infection the parasites persist 
and pass through the ordinary schizogonic cycle in red blood cells, but, 
owing to the reaction of the host, their number is maintained at only a very 
low level. This level is often too low to be revealed by direct microscopical 
examination of the peripheral blood, and may even be too low to be readily 
revealed by subinoculation into clean birds. 


SUMMARY 


Experiments upon the duration of chronic infections of Plasmodium 
relictum in canaries prove that parasites may persist in the peripheral blood, 
as ordinary schizogonic stages, up to 8 years and 3 months after infection and 
that the blood of such birds is infective for clean birds for at least the same 
period. 
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DIAPAUSE AND METAMORPHOSIS OF THE 
BLOWFLY, LUCILIA SERICATA MEIG. 
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Sorby Research Laboratory, The University of Sheffield 


(With 1 Figure in the Text) 
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INTRODUCTION 


WHEN fully fed maggots of the blowfly Lucilia sericata leave their food, which 
is either carrion or the living tissues of some mammal which they have 
parasitized, they enter what may be called the prepupal stage. The prepupa is 
externally indistinguishable from the larva, but it does not feed and it possesses 
other physiological differences. After about three days, if the conditions are 
favourable, the larval skin becomes rounded and hardened to form the 
puparium. Certain workers describe this stage, in which the pupal skin has 
not yet separated from the hardened larval skin which now forms the puparium, 
as the prepupa. I shall use the term “pupation” to describe the process by 
which the larva becomes rounded and the puparium becomes hard and dark 
coloured. Low temperatures will delay the onset of pupation, but in most 
cases a subsequent rise in temperature will allow this change to take place. 
It often happens, however, even when the external conditions are favourable, 
that the prepupal period is prolonged, sometimes for a period of many weeks. 
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This prolongation is called a diapause, and occurs both with wild flies in the 
field and with flies bred in captivity. 

Certain species of blowfly, like Lucilia, commonly exhibit the phenomenon 
of diapause, while others, such as Calliphora erythrocephala, never do so. 
Observing this difference, Roubaud (1922) formulated the theory that there 
was some essential difference between these two groups of blowflies, and he 
says that Lucilia is “heterodynamic” and that it cannot go on breeding for 
many generations without a prepupal diapause intervening. He considers 
this diapause essential to maintain the vigour of the race. On the other hand, 
Calliphora is “ homodynamic”’, and does not need to be rejuvenated by periodic 
diapauses. Cousin (1932) has shown that Roubaud’s theory is untenable, for 
she finds that careful breeding obviates the need for any diapause, and that 
Lucilia can be reared for a very large number of generations as though it were 
“homodynamic”’. 

As a result of extensive researches, Cousin shows that diapause in Lucilia 
may be caused by a variety of unfavourable external conditions, such as too 
high or too low a temperature, desiccation or overcrowding, acting on the 
feeding larva or the prepupa. She also shows that less drastic treatment gives 
rise merely to a prolongation of the prepupal period, but more drastic condi- 
tions may induce a diapause which will terminate only with the death of the 
larva, perhaps after many weeks, even though the climatic conditions are 
apparently favourable. These more or less permanent diapauses can only be 
ended, so that pupation will occur, by special treatment. She shows that 
conditions to end the diapause bear some relation to those which caused it; 
thus if dryness is the causative factor, then added moisture may end the 
diapause. While my experiments support those of Cousin on all points, it is 
possible to explain them in a simpler manner. 

Cousin gives no fundamental physiological explanation as to why diapause 
occurs at all, but as a result of the work of Wigglesworth (1934), Fraenkel 
(1935), Burtt (1937) and Drummond (1938) it appears probable that pupation 
does not take place because Weissmann’s ring, which represents the corpus 
allatum in the muscid larva, is not producing some essential hormone. Activa- 
tion of the cells of Weissmann’s ring causes pupation to occur. A diapause of 
short duration, which is really only a prolongation of the prepupal period, 
may be caused by slowing up of the hormone production. 


DIAPAUSE CAUSED BY CONDITIONS DURING LARVAL LIFE 


The following experiments were made to investigate the reasons for the 
diapause. As has already been stated, if the larvae are reared under favourable 
conditions, no diapause need occur. Ideal conditions for the larvae imply 
an ample supply of moist meat. The most usual setback in rearing is due to 
the meat becoming too dry, and under these circumstances larvae are produced 
which generally enter a diapause. If the larvae become overcrowded the same 
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thing occurs. Now the usual difference between well and badly reared larvae 
lies in the ratio of dry matter to water. On leaving the meat carefully reared 
larvae contain between 26 and 28 % of dry matter (Cousin, 1932); if such 
larvae crawl into sand and are kept at 23° C., they will pupate in about 3 days, 
the humidity not being important. Larvae from dry meat or from too crowded 
conditions tend to have a higher proportion of dry matter, up to 32 %. Those 
which have only between 28 and 29 % of dry matter will probably have merely 
a longer prepupal period, and may pupate within about 10 days. The larvae 
with more than 29 % of dry matter, however, may never pupate if they are 
simply kept in sand at 23° C. If the sand is dry they will die from desiccation 
in about 15 days; if the sand is moist they will live much longer, some few 
individuals may pupate at intervals up to 3 months and the remainder will 
eventually die from starvation. 

All those larvae which remain in “permanent” diapause when they are 
put under favourable conditions shortly after they have left their food, will 
be found to have a proportion of dry matter higher than 28 %. If the con- 
ditions in the food are too wet, many larvae become asphyxiated and drowned, 
and those of the remainder which survive may have rather a long prepupal 
period, but healthy larvae from very moist food never enter a permanent 
diapause unless they are affected during the prepupal period. 


DIAPAUSE INDUCED DURING THE PREPUPAL PERIOD 


Diapause is usually caused by unfavourable conditions during the feeding 
stages of larval life, as has been described above, but prepupae which have 
been carefully nourished, and therefore contain about 27 % of dry matter, 
can be made to enter a diapause. Larvae which, at a temperature of 23° C., 
would normally pupate within 3 days of leaving the meat, will enter a diapause 
if subject to intense desiccation at 30° C. The desiccation must occur during 
the first 36 hr. of prepupal life, and it acts by raising the proportion of dry 
matter in the bodies of the insects. No amount of desiccation during the last 
24 hr. before pupation will cause a diapause, as by that time sufficient of the 
hormone will have been produced to initiate pupation. 

Exposure to a temperature between 35 and 37°C. prevents pupation, 
apparently by destroying the hormone (see p. 398 below). Provided that 
exposure to the high temperature is not accompanied by desiccation, pupation 
occurs about 3 days after the prepupae are returned to favourable conditions. 
These high temperatures, however, will often cause a diapause as they extend 
the period during which the prepupae are susceptible to desiccation. At a 
temperature of 23° C. the critical period is passed before the most powerful 
desiccation possible at that temperature can have any effect. 

Prepupae which are in a diapause may have their physiological state further 
altered during the diapause. If, for instance, they are kept under dry con- 
ditions, the proportion of dry matter may be raised to as high as 50 % before 
death from desiccation ensues. 
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TERMINATION OF DIAPAUSE 


(a) Previous workers’ results 


The work of Wigglesworth, Fraenkel, Burtt and Drummond mentioned 
above would imply that a diapause will end when the appropriate hormone is 
produced by the corpus allatum (Weissmann’s ring). The various treatments 
used by Cousin would be interpreted as stimulating this organ, as would be 
also the various shocks administered by Roubaud (1922); parasitism of the 
larvae has been shown by Holdaway & Evans (1930) to have a similar effect. 


(b) Effects of removal of sand 


There is one method by which I have found it possible to end practically 
any diapause, and that is simply by placing the prepupae in empty glass tubes 
at any temperature between 16 and 30° C. The same effect is obtained whether 
a single individual or a small batch of prepupae is put into the empty tube. 
Provided that the prepupae have not been exposed to unfavourable conditions 
during diapause, most of them will pupate in 3 days at a temperature of 
23° C., in fact they will behave exactly as do carefully reared prepupae just 
after leaving the meat when they are buried in sand at the same temperature. 
These latter would pupate after the same period whether they are in empty 
tubes or buried in sand. 

It is difficult to explain exactly why placing these insects in an empty 
tube terminates the diapause. It appears that the “lack of contact” with 
sand or other substance stimulates the corpus allatum to produce the necessary 
hormone. Microscopic examination shows that the corpus allatum remains 
unchanged during diapause, but after the prepupae are transferred to an empty 
tube it undergoes changes such as Burtt (1937) describes during the meta- 
morphosis of Calliphora. The exact stimulus which causes the corpus allatum 
of a diapausing individual to behave as it does in “normal” Lucilia or Calli- 
phora has not been determined, but it is conceivable that it is due to nervous 
reaction analogous to the way in which stretching of the cuticle initiates the 
production of the moulting hormone in Rhodnius (Wigglesworth, 1936). 

Stimulation is definitely not caused by an increase in the rate of metabolism. 
A batch of prepupae removed from sand certainly shows considerable activity, 
but single individuals in glass tubes show very little; whether in batches or 
singly, the diapause is ended equally rapidly. The rate of metabolism was 
estimated by measuring the carbon dioxide produced. When the sand was 
removed the rate of metabolism increased very little until about 24 hr. before 
pupation occurred. This rise is similar to that which takes place just before 
pupation in normal, non-diapausing individuals (Cousin, 1932). The results 
obtained by using empty tubes were the same at 23 and 30° C., but prepupae 
in sand at 30° C. had a higher rate of metabolism than those in empty tubes 
at 23° C., yet only in the second batch was the diapause terminated. Again 
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prepupae stimulated to great activity by being suspended by a cotton thread 
gently looped round their middle, pupated rather more slowly than those 
simply lying in an empty tube. 


(c) Prolongation of diapause 


When one wishes to prolong the diapause, it is only necessary to keep the 
prepupae under conditions in which their bodies make contact with some sur- 
face other than that immediately beneath them. Thus, they may be allowed 
to bury themselves in sand, soil or sawdust, or even to crawl inside empty 
puparia left by the emergence of adult Lucilia. Under all these conditions 
the diapause persists. If a large batch of individuals be put into rather a small 
empty tube, so that they press on each other on all sides, a diapause will 
continue for a good many days, and the only ones which pupate will be those 
which come to lie freely on top of the mass of their fellows. Of course normal 
prepupae, containing 27 % of dry matter, pupate in the usual manner under 
all these conditions. 


(d) Difficulty of terminating diapause in certain cases 


There are two cases in which the diapause is not terminated in about 3 days, 
the normal prepupal period, by placing the prepupae in empty tubes. First, 
if the prepupae are taken immediately they have left the meat, they produce 
a good deal of rather moist excrement during the first day; under dry condi- 
tions this soon evaporates, but if the air is saturated the excrement tends to 
form a thin crust on the surface of the prepupae, and this crust seems 
to act in such a way that the stimulus necessary to pupation is not given. 
This is not a case of a diapause caused by excessive moisture, for it is simply 
a temporary failure to break a diapause originally caused by rather dry meat. 
Under the circumstances described, pupation occurs a few days later than under 
drier conditions. If prepupae only a few hours older than those mentioned 
above and which have finished excretion are used, saturation does not prolong 
diapause. The second case of difficulty in terminating diapause concerns larvae 
which have already been in a diapause for some time. This is particularly so 
if the larvae have suffered considerable desiccation, and it may be longer than 
3 days before confinement in the empty tube has any effect, the onset of 
pupation in the different individuals then extending over a period of many 
days. In extreme cases further treatment is required to end the diapause (see 
p. 400). 


(e) Larval size and diapause 


Fully-grown Lucilia larvae weigh about 50 mg., but individuals of less than 
half this weight will pupate. In common with most other insects (Teissier, 
1931) as the larvae of Lucilia grow larger, so the proportion of dry matter in 
their bodies rises (Yuill & Craig, 1937). Now even if the conditions of breeding 
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are somewhat dry, so that of those larvae which eventually leave the meat 
voluntarily all enter a diapause, half grown individuals removed from the meat 
and placed in sand will all pupate within 3 days. These small larvae of 25-30 mg. 
may contain as much as 28 % of dry matter, whereas larvae of the same size 
from moister meat have only 22 % of dry matter, but unless the percentage 
is above 29 no diapause occurs. The small larvae either pupate, or expire 
if they are too small or the conditions are too rigorous; pupae as small as 5 mg. 
are produced; these do not complete their development but pupae weighing 
only 15 mg. may produce perfect miniature flies. Sometimes when meat becomes 
so foul that it cannot support larvae, some small individuals leave it volun- 
tarily; these never enter a diapause. When the meat is only fairly dry, the 
larvae which leave it will be found to vary greatly in size, though they are the 
same age. It will often be observed that the smallest individuals, having the 
highest proportion of water, pupate first; in the middle-sized ones there is 
a longer prepupal period, and only the large larvae enter a true diapause. 


(f) Effects of ligatures 


If the normal prepupal period lasts for 3 days in Lucilia, that period can 
be subdivided in the same way as the prepupal period in Calliphora (Fraenkel, 
1935). The hormone seems to be produced mainly during the middle 24 hr., 
and it is practically all produced before the last 24 hr. begin. During the 
prepupal period the imaginal discs increase in size, and within 6 hr. of pupation 
they have so increased in size that no more hormone is needed for their full 
development. The production of the hormone in Calliphora before the last day 
of the prepupal stage, and its action during that day has been demonstrated 
by Fraenkel. If a Calliphora larva is ligatured so that the brain and corpus 
allatum is included in the anterior half, different effects are produced depending 
on the time at which the operation is performed. If it is done early in prepupal 
life, only the anterior part pupates, for the back part never receives its hor- 
mone. If the ligature is made within 24 hr. of pupation, then both halves of 
the individual pupate, as the hormone has already circulated to all parts of 
the body. Lucilia behaves similarly, except that there is a very high mortality, 
probably because the anterior part of the body in this species is even more 
dependent on the oxygen from the large posterior spiracles than is Calliphora, 
possibly because of the inadequacy of the small anterior spiracles. Further 
proof of this is given by the fact that of those prepupae of Lucilia ligatured 
within 24 hr. of pupation, more than half pupate in the posterior half only, 
there being presumably enough hormone but insufficient oxygen to allow this 
process in the anterior half. Incidentally, if a ligature is made at the very front 
of a diapausing larva so that the thread encircles the mouth hooks, the diapause 
is ended even if the larva is buried in sand. This experiment supports the view 
that diapause is an active process and that the ligature has released the hor- 
mone whose production has previously been delayed (see p. 401). 
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(9g) Properties of the “ pupating hormone” 


If diapausing prepupae of Lucilia are placed in an empty tube for 2 days, 
and then sand is added to them, pupation goes on unchanged. It appears 
as if the corpus allatum had already been activated, a conclusion which is 
supported by the fact that if sand is added after about 1 day’s exposure, some 
of the larvae pupate and some remain in diapause. 

If prepupae which would otherwise enter a diapause are placed in empty 
tubes at 23° C. for 2 days, and are then transferred to 5° C., they are immobilized 
by the low temperature and pupation is prevented. If they are later returned 
to 23° C., pupation will proceed normally at any rate if the exposure to this 
temperature is only for a period up to 7 days. The low temperature seems to 
have no harmful effect either on the hormone or on the process of pupation. 

A similar experiment in which the prepupae, after about 2 days’ exposure 
in an empty tube, were then transferred to a temperature between 35 and 
37° C., gave very different results. If the period in the empty tube was 
longer than 2 days, only those individuals pupated which were already within 
6 hr. of pupation at 23°C. All other prepupae remained in a diapause. The 
high temperature seemed to destroy the hormone, for when prepupae were 
returned to 23° C. after a period of several days at 35-37° C., they did not 
pupate for a further 3 days. Prepupae given 2 days at 23° C. in an empty tube, 
then 12 hr. at 35-37° C., and then returned to 23° C. pupated within 2 days. 
It would appear that the shorter exposure to the high temperature did not 
destroy all the hormone. Incidentally it may be noted that the prepupae are 
exceedingly active at 37° C. 


(h) Lack of water and metamorphosis 


As stated above, diapausing prepupae buried in sand and exposed to dry 
conditions become themselves drier, and the percentage of dry matter in their 
bodies can be raised to as high as 50 % before most of them succumb. The 
driest of such prepupae cannot be stimulated to pupate by any method unless 
the amount of water is increased (see p. 399), but when individuals 
containing up to 40 % of dry matter are put into empty tubes, pupae are 
produced. Even if these pupae are kept in saturated, or nearly saturated, air, 
few of them produce adults. Dissections show that development proceeds 
normally inside the puparium, but that there is insufficient blood to dilate 
the ptilinum and allow the fly to escape. Similar results have been obtained 
with the tsetse fly (Buxton & Lewis, 1934; Mellanby, 1936). 


ADAPTATIONS OF LUCILIA SERICATA TO WITHSTAND DIAPAUSE 


Lucilia possesses a number of attributes which enable the prepupae better 
to withstand prolonged diapause. 
It appears that in Muscid flies, after the larva enters the prepupal stage, 
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the salivary glands become dilated. In Calliphora the dilation is considerable, 
but with Lucilia it is immense. The salivary glands swell up until they occupy 
nearly a quarter of the total body size. Thus a prepupa weighing 45 mg. may 
have salivary glands which weigh as much as 10 mg. The fluid in the glands 
is set free when the glands begin to degenerate shortly before pupation, and 
the fluid is no doubt useful as an extra source of water during metamorphosis. 
The water stored in the salivary glands is also lost less easily than it would be 
if it were circulating freely. Prolonged desiccation causes the glands to lose 
a good deal of their contents, so that they become much less turgid, but the 
water is lost very slowly. Incidentally a misleading picture of the size of the 
glands is obtained by cutting sections of the prepupae, because fixation seems 
always to cause at least partial collapse. Dissection of living prepupae reveals 
the true size of these glands. 

When the larvae of Calliphora have finished feeding they seldom wander 
about like Lucilia larvae although equally capable of movement. While the 
Calliphora larvae will almost without exception remain and pupate among the 
meat, the Lucilia larvae, if no sand is provided in which they may bury them- 
selves, will practically all escape. This wandering habit of the Lucilia larvae no 
doubt enables them to reach protected places in which to withstand unfavourable 
climatic conditions. 


REACTIONS OF DESICCATED PREPUPAE 
(a) Absorption of water 


Cousin showed that desiccated prepupae, when put in contact with water, 
as for instance in moist sand, drink a certain amount. Such prepupae 
never feed again when given meat though they may take in some of the meat 
juices. The larvae cannot at this stage digest such substances, and may die 
with a clot in the gut. I find that the water which is absorbed diffuses through 
the gut wall into the haemocoele, and serves to increase the amount of blood 
in circulation; the fluid does not affect the size of the salivary glands,which are 
now somewhat shrunken from their original size. The amount of water taken 
is considerable—for instance a desiccated larva which has a weight of 27 mg. 
will increase to 40 mg., which incidentally would be approximately its weight 
just previous to the diapause. 

As a result of drinking so much water, a desiccated larva raises considerably 
the proportion of water to dry matter in its body. The reduction of dry matter 
is made at the expense of food reserves, mainly fat, exhausted during the 
diapause. Apparently the full-fed larva has an excess of these reserves, so 
that it can withstand several months’ starvation as a prepupa and yet be 
able to metamorphose. It is significant that the small larvae, containing less 
reserves, do not diapause. Incidentally, larvae which, on leaving the meat, 
contain 30 % of dry matter, are unable to drink enough to increase their pro- 
portion of water until they have been in diapause for some time. They can only 
drink when their weight has decreased from loss of reserves, and when they 
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do so their weight is increased to about what it was at the beginning of prepupal 
life. Presumably the cuticle will not allow further distension. 

Raising the proportion of water by drinking may itself end diapause 
(Hodson, 1937), but at this stage some other stimulus is often necessary. 
An exposure of about a month to a moderately low temperature (10-14° C.) 
together with the opportunity to drink water will put an end to practically 
any diapause. Of course, under these conditions it is not necessary to remove 
the sand, the buried prepupa is able to produce the hormone. If the exposure 
to the low temperature is omitted, the diapause may be ended by placing the 
prepupae into empty tubes. Prepupae previously desiccated to a proportion 
of 50 % dry matter may be made to pupate after drinking in this way. 


10 mm. 








A B 
Larva from dry sand: Larva from damp sand: 
dry weight, 7-46 mg.; dry weight, 7-41 mg.; 
live weight, 24-6 mg. live weight, 29-6 mg. 


Fig. 1. Increase in size of adult Lucilia sericata due to absorption of water by diapausing larva. 


(b) Blood volume and adult size 


The increase in blood due to drinking has a considerable importance to the 
species. The prepupae which have drunk water are not only heavier than those 
which have not but they are also larger. When two adults are produced from 
diapausing larvae, one from an individual which has drunk and one from another 
which has not, though both may have the same dry weight they have quite 
different wet live weights and sizes. The size of the adult depends on the size 
of the rigidly limiting puparium, which in turn depends on the size of the 
prepupa. As a result the prepupae which have taken in water produce larger 
adults than those which have not, even if the dry weights are identical (Fig. 1). 
It would be possible to obtain even smaller and drier flies if the adult could 
escape from the puparium; the extra water obtained by drinking is as useful 
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in allowing the adult to escape as in controlling its size (see p. 398 above). 
Then again, the fertility of the adult is correlated with its size, so drinking 
in the prepupal stage is important in the maintenance of the species. 


DIAPAUSE IN NATURE 


These experiments can now be related to the conditions which obtain in 
nature. Diapause is probably usually caused by overcrowding or too dry meat 
(p. 393) or by the prepupae being themselves subjected to excessive heat or 
desiccation (p. 394). The larvae by their activity (p. 398) and extra store of 
water in the salivary glands (p. 398) are able to find a suitable hiding place 
and are adapted to withstand unfavourable conditions. The ability to enter 
a diapause will help the species to tide over periods in which other less resistant 
stages might be exterminated. In nature the diapause will presumably end 
when the prepupae, after a cool winter, and after having drunk sufficient 
water to remove any effects of desiccation, are then stimulated to pupate by 
a suitable temperature. 

There is nothing in nature corresponding to the “empty tube” stimulus 
described in this paper, but these experiments show that diapause in Lucilia 
should be considered, not as a disadvantageous inability to continue the life 
cycle, but as an advantageous adaptation imposed to withstand unfavourable 
conditions. The prepupae have developed a mechanism to prevent pupation, 
under conditions which might be fatal to the more fragile adult. 
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SUMMARY 


1. Diapause in Lucilia sericata is caused by unfavourable conditions during 
the larval or prepupal period. 

2. Diapausing prepupae usually contain a higher proportion of dry matter 
than do normal individuals. 

3. Diapause occurs bécause the corpus allatum (Weismann’s ring) is not 
producing the necessary hormone. 

4. Diapause is ended when prepupae are removed from sand to empty 
tubes. Probably the corpus allatum is stimulated by a nervous reaction; the 
reaction is not due to an increase in the rate of metabolism. 

5. Low temperatures (5° C.) do not affect the hormone, but high ones 
(35-37° C.) destroy it. 

6. Prepupae of Lucilia sericata have salivary glands which are dilated to 
nearly a quarter the body size. The contents serve as a store of water during 
diapause. 

7. Diapausing prepupae after desiccation drink water and return to their 
original body weight. The water increases the volume of blood in circulation, 
and the blood controls the size of the adult produced. 

8. Diapause in nature enables the species to survive unfavourable con- 
ditions. 
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